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PREFACE.

As a Teaclier of Pliysiology, I have felt the practical diffi-

culty of placing before the student a systematic account of

the science, as it relates to man, in the course of one hundred

lectures. Without the exercise of restraint, there is the

risk of being discursive in certain parts of the course, and

superficial and meagre in other parts, so that the student

obtains what may be regarded as a distorted view of the

.subject. This danger may be obviated by the use of a text-

book which will, by logical airangement and concise state-

ment of the facts, aid both the Teacher and the Student,

When I consider the limited time at a student's command

for the study of each subject in the medical curriculum, I

sympathize much with the opinion of the late Mr. Syme

that short and concise text-books of the various subjects are

of great practical use. The student cannot be expected to

be acquainted with the historical development of the subject,

nor should his time be occupied with prolonged discussion of

theoretical questions, illustrated by conflicting opinions.

What he needs is a statement of authenticated facts and

generally received principles as these appear to the mind of

his teacher.

In writing the following work, I have constantly kept this

in view. It does not profess to be more than its title indi-
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eates—the '' outlines " of liiiman physiology. It contains suclt

a view of the subject as I believe a student of medicine may
become acquainted with in his curriculum. If he aspire to

honours in physiological science, or if he desire to enter into

the consideration of more minute details or of theoretical

discussion, he must j^ass on to such works, in our language,

as Dr. Michael Foster's masterly Text-book, or Hermann's

Physiology, translated by Professor Arthur Gamgee.

The use of a text-book appropriate to his course may alsa

enable a teacher to develope to a greater extent an effective

method of communicating and of testing knowledge. This

will be accomplished: (1) by a clear and concise statement

of facts
; (2) by the experimental demonstration, as far as

possible, of these facts ; and (3) by frequent oral examination

of the students individually.

Two features of this book require a word of explanation,

(1) I have avoided the discussion of minute anatomical and

histological details, because I regard this as belonging more

especially to the province of anatomy. Granting that there

is what is termed Physiological Anatomy, it must be evident

to all that physiology, as a distinctive subject, is now so

largely concerned in the application of physical and chemical

truths to the phenomena of the living organism, as to make

it desirable to give over to the sister science the description

of arrangements of tissues, organs, and of systems which

suggest function. At the same time, wherever it was neces-

sary to allude to structure for the intelligent comprehension

of function, I have not hesitated to do so.

(2) I have endeavoured to show the student the methods

by which physiologists have acquired many of the facts of

the science ; and in doing so, it was necessary to introduce

many diagrams of apparatus and of tracings obtained by the
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GrapJiic Method ofRegistration, whicii, in the hands of Marey

and others, has done so much for physiological science. Some

may think that such apparatus ought to be restricted to

purposes of research, and ought not to be brought under the

notice of the student. The effect, however, will depend on the

Avay in which the latter is attempted. While I recognize the

fact that a knowledge of apparatus is not a knowledge of

physiology, I am convinced that an intelligent appreciation of

the results of physiological research can only be had where the

student is shown the method by which these results have-

been arrived at. In addition, this mode of treating the

subject gives it an interest which otherwise it could not

possess ; it stimulates thought ; and its study is an intellectual

training of a high order.

I beg to express my obligations to Beaunis' Physiologic,

1876, "Wundt's Physiologie, 1872, Briicke's Physiologie, 1875,,

and to Wundt's Physique Medicale, 1871.

Physiological Laboratory,

University of Glasgow,

JjjWZ, 1878.
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OUTLINES OF PHYSIOLOGY.

GENERAL INTRODUCTION.

Nature and Objects of Pltysiology—Preliminary Notions of Matter

and Force— General Characters of Living Bodies—Distinctive

Characters of Plants and Animals—Differentiation of Animal

Form—Place of Man in the Animal Kingdom— Varieties of the

Human Race.

I.—NATUEE AND OBJECTS OF PHYSIOLOGY.

Physiology is the science which treats of the phenomena

of livins; beino's. It is divided into Yesjetable and Animal

Physiology, according as the phenomena of the vegetable or

of the animal kingdoms of nature are made respectively the

subjects of consideration. The phenomena occurring in man
constitute what may be termed Human Physiology, a depart-

ment of the science which forms the special subject of this

treatise.

The physiology of man, or indeed of any living being,

cannot be studied with success in an entirely isolated

manner ; for much of our knowledge depends on the study

of operations occurring in a great variety of living beings.

When we study any living being, we observe, first, a

peculiar physical structure or conformation of the solid
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parts; second, a determinate chemical composition of its

several solid and fluid parts ; and, third, the occurrence of

certain chemical, physical, and vital changes.

In the physical structure of the body, certain parts may
be readily isolated, and these may each perform a special

office in the economy. Such parts are termed organs^ and

the office which each organ performs is called its function.

Life, so far as the individual is concerned, may be said to b*e

the sum of the several functions performed by the various

organs, or the active state resulting from their concurrent

exercise. {Allen Thomson.)

The body may be studied both in the dead and in the

living condition. In the dead state its structure and com-

position are the subject of anatomical and of chemical re-

search. The living state is more especially the province

of the physiologist, it being his duty to study the functions

or the various phenomena manifested by the organs in-

dividually, and as part of a system, during life.

The economy of the human body is one of great com-

plexity, and in its study the })hysiologist finds it necessary

to extend his investigations over a wide field. His informa-

tion is derived partly from observation and experiments

made directly upon man himself, both in the healthy and in

the diseased conditions, but very largely also from investiga-

tions into the functions performed by the organs of other

animals. Ma.ny of the facts of physiology with which we

are at present acquainted have been derived from observa-

tions and experiments made on the humbler animals, but

the general plan of structure common to vertebrate animals,

and the correspondence in many of the conditions of vital

activity, warrant us in applying these facts to our know-

ledge of the functions of the human body.

Physiology derives its facts from the observation of living

phenomena, made with scientific accuracy, and aided by
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deductions from facts belono^ino; to other branches of science,

more especially anatomy, chemistry, and physics. A general

acquaintance, therefore, with these sciences is of paramount

importance to anyone about to enter upon the study of

physiology.

The student ought, in the first instance, to be acquainted

with the structure of the human body and of its various

organs, and he should also be familiar with the general plan

of structure met with in the great general subdivisions of

the animal kingdom. Such anatomical knowledge {Human

mid Comfarative Anatomy) must be obtained by dissection

and by a careful comparison of organs in different groups of

animals.

During the past thirty years, much knowledge has been

acquired regarding the minute structure of the various

tissues forming the body. This constitutes the department

of science called Histology. As many functions depend on

phenomena occurring in elements of the body which are of

microscopic size, it is evident that we must be accurately

acquainted with the anatomical structure of these elements.

Such knowledge, therefore, belongs equally to the anatomist

and to the physiologist. The anatomist must describe the

form, size, and general relations of these minute parts, while

the physiologist directs his attention specially to the pheno-

mena they manifest Avhile alive. Both are engaged in the

study of the same textural elements, but from different

points of view—the one morpliological, the other j;^J's^o-

logical. Here, as in the study of parts visible to the naked

eye, knowledge of structure and of function are really, in the

language of Goodsir, different aspects of the same truth.

To acquire a wide knowledge of the functions of the body,

it is not sufficient to study it, even as regards its structure,

only in its full-grown or mature condition. It is necessary

to examine it at various stages of its development, and to
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trace minutely tlie first formation and early development of

the embryo, as well as the process of growth of the foetus

and child. This kind of research is included under the

name of Emhryology, and in recent times it has furnished

some of the most important information on which the history

of vital phenomena is based.

From the facts of Chemistry the physiologist derives

information regarding the chemical composition of the solid

textures, as well as of the various secreted and circulating

fluids, and of the variations to which their composition is

subject in diflerent conditions of the body. It must be

admitted that the chemistry of organic compounds is

still in an imperfect state, and that our knowledge of

the chemical changes occurring in the living body is still

more obscure.

The laws of Physics are applied by the physiologist to the

investigation of all the obvious motions of solids or fluids

occurring in the animal organism. A knowledge of physics

is also indispensable in examining the functions of such organs

of special sense as the eye and ear, and in studying the in-

fluence of light, heat, and electricity, in modifying vital

phenomena.

It may further be remarked, that while the researches

of the physiologist are directed strictly to establishing the

knowledge of the functions of the living economy in a

natural condition, or in the state of health, he not unfre-

quently receives important assistance from the pathologist

{Pathology), who, by having his attention called to the

changes in the exercise of the functions that occur under

the influence of diflerent forms of disease, takes advantage

as it were of so many experiments made to his hand by

nature, and is thus better able to discriminate the share

which each particular condition has in the production of

these complex results.
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The physiological study of the functions of the human
body may then be said to consist in the following means of

investigation, viz.—(1) The observation of the living

jDhenomena in their natural or healthy state
; (2) The

occasional comparison of its healthy state with morbid

conditions of the economy
; (3) The experimental A^ari-

ation in man or animals of the conditions in which the

several vital operations take place
; (4) The anatomical

examination, by dissection and microscopic research, of the

structure of the organized parts of the body in the fully-

formed state, or at various stages of its growth ; and (5)

The chemical analysis of the solids and fluids, and of the

substances which are taken into or are ejected from the

system, and the history of the chemical changes which

occur in the living body.

As the object of physiology may be said to be " to ascertain

the conditions of body and mind, which are necessary to life,

and health," so the most important practical end which the

physiologist has in view, in the prosecution of liis inquiries,

is to furnish data for guiding the physician in detecting-

diseases with readiness, in distinguishing their different

kinds with accuracy, in endeavouring to preserve health, and

when disease shall have occurred, to restore the natural

condition, and to allay suffering. It is generally admitted

that a knowledge of health must precede the advantageous

study of disease, and that a rational system of surgical and

medical treatment ought to have its foundation in a full

acquaintance with the principles of physiology.

Consult Allen Thomson's Outlines of Pliysiolog3\

II.—MATTER AND FOECE.

The permanence of matter and the permanence of force

are two great generalizations, the triumphs of modern
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pliysical research and thonglit, which form the groundwork

of ^^hysical science, and they must be recognized in dealing

with the j)henomena of the living body just as clearly as

in considering the facts of chemistry and physics. In its

passage through the living body, matter cannot be created

or destroyed ; if it apparently disappear, it is only trans-

formed into another condition. The idea of force or energy

is inseparable from that of matter ; and we must also admit

that energy can neither be created or destroyed. It can

only be transformed. Energy may be in two conditions,

actual and 'potential. When actual, energy is being trans-

formed from one condition or state into another j when

potential, it is stored u]). When energ}'^ appears in the

actual state, it is as one or other of certain modes which

are termed forces., and these forces may be transformed

the one into the other. Thus mechanical movement

may be converted into heat, and heat, on the other

hand, may produce movement. The exact relation of two

such forces can now be exj^ressed by what is known as

the mechanical equivalent of heat, calculated by Mayer of

Heilbronn, in 1842, and experimentally demonstrated by

Joule of Manchester, in 1844. This equivalent may be

stated at 425 kilogrammetres, or, in other words, the same

force which elevates 425 kilogrammes of water 1 metre in

height, in a second, will elevate the temperature of 1 kilo-

gramme of water 1 degree centigrade. Difficulty of experi-

mentation has hitherto prevented the accurate determination

of the mechanical equivalent of light, electricity, or magnet-

ism, but we have sufficient evidence of various kinds to

entitle us to regard these also as modes of motion, which

may be therefore transformed into each other. This great

principle is known as the correlation of the physical forces.

The ap])lication of these views regarding energy to living

organisms will be shown hereafter.
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Certain phenomena occur in tlie living body which cannot

be satisfactorily explained^ in the present state of knowledge,

by chemical or physical facts or laws. Such phenomena may
be conveniently described as vital, without necessarily

accepting the view that there is a mode of energy termed

vital force, as distinguished from the physical forces gene-

rally known. The progress of science clearly shows that

many phenomena now recognized as physical Avere at one

time held to be vital, and it is highly probable that investi-

gations into the obscure region of molecular physics may
ena^ble us to regard phenomena, presently called vital, such

as the transmission of a nervous impulse, or the contrac-

tion of a morsel of protoplasm, as physical operations. At
present this cannot be done ; and the physiologist contents

himself with studying merely the conditions of such pheno-

mena. These conditions are physical, or chemical, or both.

A cell grows and fulfils its functions under certain con-

ditions of pressure, temperature, electrical state, and supply

of pabulum, and its growth will be more or less influenced

by modifying these conditions. Thus there is a kind of

correlation between the j^hysical conditions and the so-

called vital phenomena occurring in the cell, but it is

not so clearly defined as in the case of purely physical

operations, the cause being that at present we do not

know the intimate nature of vital phenomena. A firm

conviction, however, of the applicability to living beings

of the law of the constancy of energy is at once a great

aid to a clear comprehension of the phenomena of life, and

the best guide in future research.

Consult Helmholtz's Lectures on Scientific Subjects, No. 7.

Tait : Some recent advances in Piiysical Science. Joule on the

existence of an equivalent relation between heat and the ordi-

nary forms of mechanical power. Phil. Mag. XXVIII. Mayer ;

Die organische Bewegung in ihrem Zusammenhange mit dem
Stoffwechsel, 1845. Beaunis' Pliysiologie, Prolegomenes.
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III.—GENERAL CHARACTERS OF LIVING BEINGS.

The leading characteristics of living beings may be con-

veniently considered under the several heads of (1) physical

structure, (2) chemical composition, (3) dj^namical characters,

and (4) evolutional history.

1. Physical Structure.—Solid and fluid matters invariably

coexist in living bodies ; the solids contain fluids in their

cavities or interspaces. All the solid parts are more or less

moist, and many of them have the character of softness.

Living bodies are organized, that is, they are composed of

dissimilar or distinct parts arranged in a certain order, and

each part performs a determinate office or function in con-

nection with the maintenance of the life of the whole. The

external form of living beings is consistent with a certain

morphological type. At the commencement of existence the

typical form is nearly spherical ; afterwards in the process of

growth, a form is developed peculiar to the species. The

spherical form not onl}'- is characteristic of the organism at

the commencement of life, but is seen also in the primitive

elements which compose the organism. This spherical body

is called a cell, and it may be regarded as the most simple,

the most common, and the earliest form of organization met

with. Organized matter may also be composed of molecules

or granules, fibres, membranes, and tubes. No living matter

ever assumes a cr3^stalline form, although crystals may be

imbedded in it.

2. Chemical Composition.—All organized bodies are heter-

ogeneous and compound ; that is, they contain matter in more

states than one, and they are composed of a number of

chemical elements. Of the sixty-four elementary substances

found in nature not more than eighteen or twenty have been

discovered in organic matter. Chief amongst these are

oxygen, hydrogen, nitrogen, and carbon. The three first ai-e
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gases whicli Lave never yet been liquefied, a proof of tlieir

molecular mobility. Nitrogen is remarkable for its chemical

indifference ; while oxygen on the other hand, enters readily

into combination not only with hydrogen and carbon, but

also with nitrogen itself. Along with these are usually

associated] sulphui-, phosphorus, chlorine, sodium, and

potassium; others, as calcium, iron, and silicon, are of

frequent occurrence ; while the remaining elements, fluor-

ine, iodine, bromine, magnesium, manganese, aluminium,

copper, aud lead, are either found in exceedingly minute

quantity, or only in particular plants and animals, in which

their occurrence may be looked upon as in some measure

accidental.

The simple elements are so combined as to constitute

compound bodies which may be separated by chemical pro-

cesses. These compounds are termed jwoximate princijjles,

and of these the several textures of animals are more

immediately composed. Chitif amongst these compounds

is ivater which constitutes more than three-fourths of the

weight of a living body. Certain proximate principles are

the same as those met with in the animal kingdom, such,

for example, as chloride of sodium, and phosphate of lime.

Animal proximate principles are compounds formed by the

union of three or four elements, and consequently they are

termed ternary or quaternary compounds. Such are essen-

tially characterized by their chemical instability, whicli is

more marked in the compounds containing nitrogen, a fact

possibly due to the presence of that gas. It is well

known that nitrogen gives a peculiar instability to certain

compounds in which it exists, as for example, in gun-

cotton and nitro-glycerine.

The organic molecule, especially in quaternary compounds,

possesses very great complexity.

Living bodies consist largely of colloids, a phj^sical condi-
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tion wliicli Graliam has termed the dynamical state ofmatter.

Matter in a colloidal condition is non-crystalline, and is

permeated readily by water, oxygen, and the crystalloids, or

bodies which assume a crystalline form. The colloidal state,

however, is not peculiar to organic matter, inasmuch as silica

and the peroxide of iron sometimes assume this condition.

A living body is continually undergoing a series of chemical

changes of composition and decomposition, as a result of

which there appears to be an incessant renovation of the

molecules of the organism. Chemical changes are a necessary

condition of the action of living matter, and part of the living

matter dies, is decomposed, and is thrown out of the organism.

New matter is added from without, and thus there is a per-

})etual exchange between the organic and the inorganic

worlds, which may be termed the circulation of Qiiatter.

The mode in which new particles of matter enter a living

organism furnishes also a distinctive character. A crystal

grows by new molecules, of similar chemical composition to

itself, being applied directly to its surface, while a living body

absorbs the dead matter into its own substance, and converts

what was previously dead into living matter like itself. In

other words, dead bodies increase by apposition ; living bodies

by intussusception.

3. Dynamical Characters.—Living bodies liberate energy

in the form of heat, mechanical movement, &lc. This libera-

tion of energy, always well marked in animals, is observed

in plants only during the formation of the germ, and in

germination. Organisms may be regarded as agents effecting

a transformation of energy : animals chiefly transform poten-

tial into actual energy, while plants are chiefly concerned in

reversing the process. Just as there is an incessant exchange

between dead and living matter, so there is a perpetual

exchange between external forces and the internal forces of

the organism. Light, heat, electricity reappear in the living
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body under the form of muscular action, of heat, and of

nervous energy. The vital movements are thus the cor-

rehitives of physico-chemical movements, and the forces

called vital may be regarded as the equivalents of physical

forces.

4. Evolutional History of Living Beings.—The evolution

of a living being is determined : it has a commencement, an

existence, and an end ; it passes through different phases,

which succeed regularly and in a certain order. The same

statements may be made, with a certain amount of truth,

regarding a crystal, but its life history is distinguished from

that of a living animal by the absence of waste and of

repair, and by its mode of growth, already referred to.

Living beings have a certain individuality. Among the

higher grades each member has a certain independence,

although related to all ; but this characteristic entirely dis-

appeai'S in certain classes of plants and of animals.

All living organisms take their origin in a germ which

was developed by a parent—that is a previously-existing

being having essentially the same structure and properties.

Every plant and animal, accordingly, has the power, at one

stage of its existence, of producing a germ by which the

species may be perpetuated. This germ, which is known as

the spore, seed, or egg of plants and animals, is a cell—the

simplest form of structure. After its separation from the

parent body, it becomes capable of independent existence,

and, under favourable external influences, of being con-

Alerted by growth or development into a new individual, in

most respects similar to that from which it derived its

origin.

Living beings form a continuous series, from the first

appearance of life upon the earth until now. Offspring

usually possess more or less of the character of their parents;

and they may transmit peculiarities—either acquired by new
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conditions of existence, or received from, their parents—to

their descendants. This law is known as heredity.

The chemical constitution of a living being varies accord-

ing to different phases in its evolution. This may be seen

by comparing the analyses of a seed with that of a plant, or

of an Qgg with that of an adult animal. This change of

chemical constitution during age afiects both the quantity

and the quality of the pioximate constituents. For ex-

ample, there is a progressive diminution of the amount of

water from early life to old age, and it would appear that

living organisms towards the termination of life approach,

inorganic matter in chemical composition. Even in man,

advanced years is associated with calcification of cartilage,

which impairs the elasticity of the body, and with other

chancres of a retrosrrade nature.

The evolution of energy undergoes changes during the

life of an organism. Usually the production of energy in-

creases up to a certain maximum, and then slowly declines,

so that in the life history of each individual there is a period

of maximu7n vital activity. In certain species of animals,

however, there are successive j^hases of repose and of move-

ment, as in the encysted conditions of infusoria, the meta-

morphoses of insects, and the occurrence of hybernation.

In other organisms, also, vital phenomena may appear to be

entirely suspended under certain conditions. For instance,

some of the rotiferce may be kept in a state of dormant vital-

ity for a considerable time by a simple process of drying.

During the life of an organism it undergoes change of

form, increase of its mass, and development of its organiza-

tion. Death at last necessarily terminates its evolution.

When this occurs, the body is submitted to the action of

external agencies, both physical and chemical, which ulti-

mately reduce it to the simple elements of which it was at

first composed.

I
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It is important to remember that an organism is affected

during every instant of its life by the medium in which it

lives. The medium furnishes the materials required for

existence. Dead matter is supplied to take the place of

living matter, and external modes of energy- -such as heat

and light—are furnished at the same time. There is thus

an action and reaction between the organism and the con-

ditions in which it lives. These conditions may be con-

veniently summarized by the term environment. In this

adaptation of relations every living organism has a power of

suiting itself to modifications of conditions within certain

limits. This power is known as its variability, and it is a

necessary condition of the existence of every living being.

To recapitulate, the essential characters of a living being

are the following—

1. Molecular complexity; heterogeneity of parts; and

chemical instability of the organic compounds form-

ing it.

2. Waste and incessant repair of organic materials.

3. Production of actual energy in various modes, and, in

particular, mechanical movement, heat, and electricity.

4. Organization, or the adaptation of certain parts of the

body to particular functions,

o. A regular evolution from origin to death.

6. Origin from a parent, and the possibility of producing

the elements of ofi^spring.

7. A power of vaiiability and of adaj^tation to external

conditions.

A discussion of the various theories which have been held

rep^ardinoj the nature of life will be better understood after a

description of the chief phenomena manifested by the tissues

of which the body is composed.

Consult Beaunis' Physiologie. Herbert Spexcer's Principles

of Biology, vol, I., part L, chaps. 2, 3, 5, 6.
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IV.—DISTINCTIVE CHARACTERS OF PLANTS AND
ANIMALS.

Life is met with, in two principal conditions—the plant and

the animal. Wlien we descend among the lower orders of

animals and plants it is almost impossible to draw a clear

line between the two kingdoms. This difficulty has been

felt so strongly by some naturalists as to lead them to group

certain organisms in an intermediate kingdom, such, as the

jjrotista of Haeckel. A plant possesses the same funda-

mental chemical elements as the animal—oxygen, hydrogen,

nitrogen, and carbon. It contains more carbon and less

nitrogen. Alkalies abound in plants, and phosphates in

animals. The chief chemical characteristic of a plant is

probably the presence of a colouring matter called chloro-

phyll, which plays a very important part in the life of the

plant. One class of plants, however—the fungi—contain

no chloropliyll ; while on the other hand this substance

has been found in certain animals, such as the Hydra

viridis. The chemical stability of the plant is greater than

that of tke animal, and chemical transformations are less

active in vegetable than in animal textures.

The principal distinctive characters of plants and animals

may be briefly summarized as follows

—

PLANT. ANIMAL.

Presence of chlorophyll. Absence of chlorophyll.

Absorption of water, carbonic Absorption of oxygen.
acid, and ammonia.

Elimination of oxygen. Elimination of water, carbonic
acid, and ammonia.

Feeble liberation of actual energy, Intense liberation of actual energy,

as movement and heat. as movement, heat, and nervous
energy.

Transformation of actual into Transformation of potential into

potential energy. actual energy.

Limited locomotive powers. Usually possess powers of loco-

motion.
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PLANT. ANIMAL.

No sensibility. More or less sensibility.

Organization less complex. Organization more complex.

Tendency to formation of colonies Tendency to individualization.

or aggregates of individuals.

Growth nearly indefinite. Growth arrested at a given time.

Greater variability to modifica- Less variability.

tions of external conditions.

None of the above characters are absolute. The two king-

doms overlap to a certain extent and present characters

common to both.

The nutritional changes occurring in plants and animals

are of two kinds—(1) assimilation, and (2) disassimilation
;

and it is important to observe ho^v plants and animals differ

in these operations.

In assimilation the organism utilizes or incorporates into

its own substance matters which, come to it from without.

In the case of the plant, these matters are chiefly derived

from the air, and consist of water, carbonic acid, and

ammonia. Under the influence of sunlight, the chlorophyll

of the plant converts these substances into starch, fat, and

albuminous bodies, and one of the final effects of this assimi-

lative process is the elimination of oxygen. In the animal

the assimilative process is much less complex, inasmuch, as

it chiefly utilizes the materials previously formed by the

j)lant, and forms only very few complex proximate prin-

ciples directly from simpler bodies.

By disasshnilation, on the other hand, is meant the

decomposition in the organism of complex substances into

simpler ones. It is one of the stages of the waste of

materials in the economy, and is directly connected with the

evolution of actual energy. Oxygen is introduced, and

carbonic acid and water are eliminated. This process, the

reverse of assimilation, occurs with great vigour in the
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animal bod}^, and it is not entirely absent in the plant. All

the j^arts of a plant absorb oxygen and eliminate carbonic

acid both in light and in darkness, and the respiration of a

plant is therefore an identical process with that of an animal.

In plants, however, respiration, which is the introduction

of oxygen and elimination of carbonic acid, is carried on to

a much less extent than the process of assimilation which,

in an actively growing plant, is carried on by the cells con-

taining chlorophyll. Thus, in plants containing chlorophyll

the total effect is an absorption of carbonic acid and an

elimination of oxygen. From this point of view, a physio-

logical antagonism, as it is often expressed, may be said to

exist between animal and plant life.

Consult Sach's Text-hook of Botany, Book I., chap. I, and Book

III., chaps. 1, 2, and 3.

v.—DIFFEPtENTIATION OF ANIMAL FOEM.

If we examine the animal series from the more simple

beings to the most complex, the organization is seen to

become more and more intricate by nearly insensible transi-

tions. First of all there are unicellular organisms consisting

of a simple mass of jelly-like matter called protoplasm ; still

higher in the scale, the limiting surface of the rudimentary

organism acquires a consistence greater than that of the

matter in the interior, and thus the protoplasm is enclosed

in an envelope called the cell-wall ; still higher, certain parts

are differentiated for a particular function, as, for example,

by the appearance of locomotive organs in the form of cilia,

or of reproductive organs such as the nucleus in infusoria.

In animals, still higher in the grade, this differentiation of

parts affects not only cellular elements, but groups of these

elements, so as to produce true organs. Thus a digestive

cavity, a circulating organ, a respiratory apparatus, muscles,
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and organs of sense make their appearance. Sucli a differen-

tiation of organs and of functions may be followed not only

in the animal series, but also in the evolution of an organism.

In tracing the development of man himself, we find that he

originates in a single cell, the ovum, which represents in this

first phase of existence a unicellular animal ; this cell divides

and multiplies into many cells, forming a multicellular

group, somewhat resembling a rhizopod deprived of pseudo-

podia. Further, one portion of these cells difierentiates

from the others, and in this portion three layers are formed

which, by a continuance of the process of specialization, give

origin to all the organs of the body.

Finally, we shall see, in studying the complex organization

of man, that in ascending from the lower to the higher forms

of life, there is also a gradually-increasing complexity of

function.

VI.—PLACE OF MAN IN THE ANIMAL KINGDOM.

Man belongs zoologically to the order of the 2^^'^'nates.

This order comprises five families, namely, (1) mem; (2)

the anthro2)oid apes, including four genera, the gorilla, the

chimpanzee, the orang, and the gibbon
; (3) the catarrhines,

or monkeys of the old world, including such forms as the

macaque, the cercopithecus, and the cynocephale or baboons;

(4) the platyrrhines, or monkeys of the new world, such as

mycetes, or howling monkeys, the cebus, or capuchin, and

the hypale or marmosets ; and (5) the lemurs. We shall

now briefly enumerate the points of resemblance and of dis-

tinction between man and the anthropoid apes, to which

group in structure and function he is more nearly allied.

Common Characters between Man and the Anthropoids.

The organization of the anthropoids is constructed upon the

same plan as that of the human being. The vertebral column



18 INTRODUCTION.

of the gorilla and of the chimpanzee possesses the same num-

ber of vertebrae as that of man. The pelvis, while it is

straight and more elongated, has the same general form as

the human pelvis, whereas in other apes the pelvis is more

like that of quadrupeds. Buffon and Cuvier gave the

name of quadrumana to monkeys on account of the super-

ficial resemblance of the foot to the hand ; but when the

anatomy of the parts is compared, there can be no doubt

that the apes, like men, possess two hands and two feet, and

are not four-handed.

The brain of man and of the anthropoids presents the

four following characters which do not exist in the same

degree in other mammalia : (1) a rudimentary olfactory lobe

;

(2) the posterior lobe of the cerebrum completely covering

the cerebellum
; (3) the existence of a well-marked fissure of

Sylvius ; and (4) the presence of a posterior cornua in the

lateral ventricle.

The posture of the anthropoids is biped ; and the attitude

of the body, while it is no doubt oblique, approaches nearer to

the vertical than to the horizontal, whereas in the lower

monkeys the attitude is decidedly horizontal. The anthro-

poids are imperfect bipeds. The movements of the upper

extremities are analogous to the movements of the arm of

man ; and the excursion of the liand in supination, which in

other monkeys is only to the extent of a right angle, ranges,

in the anthropoids, through 180 degrees. (Goodsir.)

The resemblance of anthropoid apes to man is most marked

in early life. During this stage the young are gentle, affec-

tionate, and intelligent ; and the skeleton, and in particular

the cranium, presents the general character of the human
being; but by degrees, with the approach of puberty, they

diverge more and more both in psychical character and

in physical conformation from man. Ultimately bestial

peculiarities predominate.
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Distinctive Characters between Man and the Anthropoids.

The capacity of the cranium is much less in anthropoids than

in man ; the smallest capacity ever observed in man has

amounted to 970 cubic centimetres; the greatest found in

the gorilla is 539 cubic centimetres ; there is thus a difference

between the two of 431 cubic centimetres. The difference is

more striking when we consider that human crania have been

found having a capacity of 1781 cubic centimetres. It thus

appears that between human crania at the two ends of the

scale, there may be a difference of 811 cubic centimetres,

nmch greater than the difference of 431 cubic centimetres

which exist between man and the gorilla.

The foramen magnum is situated in the gorilla farther

back than in man ; the bones of the face, especially the

maxillary bones, predominate over those of the cranium

;

the superciliary ridges are prominent, thick, and arch over

the orbital fossa. The facial angle of Camper, which is

from 60 to 80 degrees in man, falls as low as 40 and 30

degrees in anthropoid apes in the adult stage, but in the

young, it may reach 60 degrees.

The order of closure of tlie cranial sutures is different : in

man the sutures of the base are closed before those of the

vault j while, on the contrary, in the anthropoids the frontal

suture is closed very early, thus arresting the development of

the brain, and the sutures of the base, remaining open for a

long time, permit the predominant development of the face.

In anthropoids the canines are largely developed, for pur-

poses of defence, and are lodged, when the mouth is shut, in

intervals in the opposite dental arch. The order of ap-

pearance of the permanent teeth is not exactly the same

as in the human being. Thus in the gorilla, the canines

appear after the second and third molars, whereas in man
they appear before the eruption of these teeth.

The cerebral convolutions are less developed in the anthro-
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poicls, and the layer of grey cerebral matter is much thinner

than in man.

Although the hand generally resembles the human hand,

the thumb is smaller, and, in the orang, presents the singu-

lar peculiarity of having no nail. The carpus of the orang

possesses also a supernumerary bone, but the hand of the

gorilla is in all respects analogous to the hand of man.

The foot also resembles the human foot, with this differ-

ence that the articulation of the great toe is looser and that

the first metatarsal, in place of articulating with the anterior

face of the internal cuneiform bone, as in man, articulates

more with the internal aspect of this bone, and thus per-

mits of a certain degree of movement, though not a true

movement of opposition of the great toe.

The gorilla, the chimpanzee, and the orang possess laryn-

geal sacs, which reinforce the voice, and which are represented

in man by the ventricles of Morgagni.

Finally, the proportions of the superior and inferior limbs

are different. The following table shows the relative lengths

of the arm, the leg, the hand, and the foot, in two

varieties of man, and in three of the anthrojooids, supposing

the length of the vertebral column to represent 100 :

—

Euro-
pean.

Bosjts-
nian.

Gorilla.
Chim-
panzee.

Orang.

Vertebral Column, 100 100 100 100 100

Arm, .... 80 78 115 96 122

Leg, .... 117 110 96 90 89

Hand, .... 26 26 36 43 48

Foot, .... 35 32 41 39 .2
1

The differences, however, which distinguish man from all

animals are essentially those of an intellectual and moral
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nature. He possesses to an infinitely greater extent those

qualities wliicli are grouped under the general name of

mental. Thus his pre-eminence consists in the greater

extent of his faculties of comparison and invention ; in the

possession of the power of reasoning; in the employment

of language, spoken and written, to communicate his

ideas and feelings, and to narrate events ; in the develop-

ment of a moral sense and religious belief; in the power of

accumulating, by tradition or written signs, the experience

of those who have lived before him ; and in the suscepti-

bility, through these different means, of high moral, mental,

and religious cultivation, and of social organization. Man
reduces external nature and all animals to his service; he is

omnivorous, and prepares food by the application of heat

and other artificial processes ; he is capable of inhabiting all

climes, by inventing means to resist the unfavourable influ-

ences of external circumstances, notwithstanding the compar-

atively unprotected condition of his body. [Allen Thomson.)

Consult Huxley : The Place of Man in Nature. Owen's Anatomy
of Vertebrates

; general conclusions, vol. III. Mivart's Man and

Apes.

VII.—VARIETIES OF THE HUMAN EACE.

The different races of mankind may be classified accord-

ing to affinities of language, geographical distribution, or

anatomical and physiological relationships. Here the latter

mode, as more pertinent to the purposes of this work, will

be adopted, and, following the classification of Blumen-

bach, the human species may be divided into five races,

namely

—

1. Caucasian or White Races.—The brain is voluminous,

the cranium oval, symmetrical, usually mesocephalic, well

developed, and having a capacity of 1,400 to 1,570 cubic

centimetres; forehead high and arched; lower jaw small;
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teeth vertical ; nose more or less straight ; the hair soft, fair,

or reddish, and having a slight tendency to curl. They

inhabit Europe, Arabia, Asia Minor, Persia, Hindostan, and

a part of America.

2. Mongolian or Yellow Races.—Pyramidal cranium
;

face large, flat, and having prominent cheek-bones ; nose

less prominent
;

yellow eyes, placed somewhat obliquely
;

Jiair straight, and usually black ; beard feebly developed.

The period of puberty is reached at an early age. They

inhabit Asia and a parfc of North America, and include

such races as Laplanders, Esquimaux, Chinese, Japanese,

and Tartars.

3. Malay or Brown Races.—These present variable

characters, but usually the cranium is enlarged laterally,

and is brachycephalic ; the eyes are black, and are largely

exposed by retraction of the eyelids ; .the nose is short ; the

lips thick ; the cheeks and chin are prominent; the hair

black and lustrous; and the skin is brown, sometimes tend-

ing to yellow and at other times to red. They inhabit

Polynesia, the Philippine Islands, the Archipelago of the

Pacific, and also Malacca, Madagascar, &c.

4. American or Red Races.—The forehead is large, but

narrow and retreating, the eyes large and open, the nose

long and prominent, the lips thin and delicate, the hair

black and soft, the skin red or copper-coloured. They

inhabit America, and are usually known by the name of

American Indians.

5. Ethiopian, Negro, or Blach Races.—The brain is

small, and the cranium is dolichocephalic ; the jaws project,

forming a prognathous countenance ; the cranial capacity

ranges from 1,347 cubic centimetres as a mean, down to

1,228, as found in some Australian races ; the forehead is

low and retreating, the eyes black and soft, the nose large,

the lips thick and prominent ; the hair black, coarse, or
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woolly ; the skin black or brown, tlie arms long, the foot flat.

They inhabit Africa, Australia, Borneo, and Papua.

Although man presents, of all animals, the greatest

tendency to occasional variety of structure, and although he

is exposed to extreme variations of external circumstances,

under the different conditions of savage and civilized life,

yet we observe in the human constitution the greatest

power of resisting the effect of the variation of external

influences, and the greatest functional similarity among

races differently situated. As the varieties observed in the

organization of men inhabiting different parts of the globe

are not greater than what may be supposed to have arisen

under the continued influence of difference of climate and

other circumstances, and as all the individuals of the most

different and of mixed races of mankind are capable of

propagating together, all the known varieties of mankind,

however dissimilar, may be regarded as belonging to one

species. {Allen Thomson.)

Consult Blumenbach : De Generis Humani Varietate Nativa,

1795. Pritchard's Natural History of Man. Pickering's Paces

of Men. Knox' Paces of Mankind, Wilson's Prehistoric Man.
NoTT and Gleddon's Types of Mankind. Buchner : Man in the

Past, Present, and Future. Consult also on National Diff'erences of

Skull, QuAiN, 8th ed., vol. I., p. 78. An interesting account of the

influence of physical agents on the aspect and form of man, and on

his intellectual qualities, will be found in Draper's Human Physi-

ology, chaps. 7 and 8.
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CHEMICAL PHYSIOLOGY.

ClassiJiccUion of the Elementary ConstUue7its and of the Proximate

Principles of the Human Body—General Consideration of the

Prhicipal Compounds—Gases of the Human Body—Comparison

of the Chemical Composition of Plants and Animals—Chemical

Reactions in the Living Body.

I.—CLASSIFICATION OF THE ELEMENTARY CONSTITU-

ENTS AND PROXIMATE PRINCIPLES.

The principal constituents of the human body are divided

into (1) elements and (2) compounds.

If a human body were analyzed, the substances obtained

would depend upon the methods emploj^ed and the extent

to which the analysis was pursued. The chemist might

resolve it into the elements of which it was composed, or he

might separate, or estimate the amount of, the compounds

formed by these elements. Compounds exist of greater or

less complexity. Thus there are bases and acids, and the

salts formed by their union, and there are many organic

substances of great complexity, such as albumen, which may
resolve themselves, either in the hands of the chemist, or in

the laboratory of the living body, into simpler compounds.

These remarks will enable the student to comprehend the

meaning of the enumeration about to be given of substances

found in the body. It is not to be understood that these
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substances exist in the solids or fluids as such, but only that,

by various processes, they may be obtained by the chemist

from these solids and fluids.

I. ELEMENTS.

Name.

Hydrogen,

Carbon,

Nitrogen,

Oxygen,

Sulphur,

Phosphorus,

Fluorine,

Chlorine,

Silicon, .

Sodium,

Potassium,

Calcium,

Magnesium,

Lithium,

Iron,

Manganese,

Copper,
Lead,

Symbol.

H
C
N

s

p

F
CI

Si

Xa

K

Ca

Mg
Li

Fe

Mn

Cu
Pb

Atomic 1

Weight.

1

12

14

16

32

31

19

35-5.

28

23

39

40

24

7

55

63-4. i

207

Where found.

In every tissue and liquid.

In every tissue and liquid.

In many of the tissues ; in solution

in fluids.

In all the tissues; in solution in

fluids.

Albuminous substances ; blood

;

serum of the tissues ; secretions.

Blood ; nervous matter ; bone

;

teeth ; fluids.

Bone ; teeth ; traces in the blood.

In every tissue and fluid.

Hair ; blood ; bile ; urine ; epider-

mis ; saliva ; bone.

Blood ; all the secretions ; serum
of the tissues.

Muscles ; red blood corpuscles ; ner-
vous matter ; secretions.

Bones and teeth ; fluids.

Bones and teeth ; fluids.

Muscles ; blood ; milk.

Colouring matter of the blood

;

bile; urine; chyle; lymph; sweat;
milk.

Accompanies iron in very minute
quantity.

Have occasionally been found in

small quantity.

II. COMPOUNDS.

These are divided into inorganic and organic.

^ For more accurate atomic weights see Pvoscoe and Schorlemmer's

Treatise on Chemistry, p. 52.
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1. Inorganic Compounds.

Tlie inorganic consist of water, acids, bases, and salts.

1. Water forms about two-thirds of the weight of the body,

so that a body weighing about 165 pounds will contain about

110 pounds of water. The following table gives the quantity

of water per 1,000 in the principal tissues, organs, and liquids

of the human body.

Tissues or Organs. Water.
Solid
Parts.

Liquids. Water.
Solid
Parts,

Enamel, 2 998 Blood,

.

791 209
Dentine, 100 900 Bile, . 864 136
Bone, . 220 780 Milk, . 891 109
Fat, . 299 701 Liquor sanguinis. 901 99
Elastic tissue. 496 504 Chyle, 928 72
Cartilage, . 550 450 Lymph, 958 42
Liver-, . 693 317 Serum, 959 41
Spinal cord, 697 303 Gastric juice. 973 27
Skin, . 720 280 Intestinal juice, . 975 25
Brain, . 750 250 Tears, . 982 18
Muscles, 757 243 Aqueous humour, 986 14
Spleen, 758 242 Cerebro-spinal fluid, 988 12
Thymus, 770 230 Saliva, 995 5
Connective tissue , 796 204 Butter, 995 5
Kidneys, 827 173
Vitreous humour, 987 13

2. The inorg %nic acids are—
Hydrochloric, . HCl In combination with sodium

everywhere
;

free in the
gastric juice.

Phosphoric, • H3PO, Bones and teeth, anc
fluids.

in all

Sulphuric, . H2SO4 Blood, serum, and secretions.

Hydrofluoric, . HF Bones and teeth.

Silicic, SiO, Hair, epidermis,

bile, and urine
blood, saliva.

3. The inorganic bases are—
Soda, Na^O Blood, bile, urine, pancreatic

juice, and secretions.

Potash, , K2O Muscles, red blood corpuscles,

nervous matter, milk, and
most of the secretions.
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Ammonia, . NH3 Traces in the blood and urine

Lime, CaO Bones and teeth ; fluids.

Magnesia, . MgO Accompanies lime.

4. The salts consist of chlorides, phosphates, sulphates,

and fluorides.

Chloride of sodium, NaCl

Chloride of potassium, KCl

Chloride of ammonium, ]StH4Cl

Phosphate of sodium.

Phosphate of potassium,

Phosphate of lime.

Phosphate of magnesium,

Sulphate of sodium.

Sulphate of potassium,

Fluoride of calcium.

Na.,HP04
NaH,P04
K3PO4I
K,HP04
KH,P04
Ca32P04
CaHPOj
Ca2HoP04

Mg32P04

Na2S04

K,S04

CaF

All tissues and fluids.

Blood corpuscles, muscles, ner-

vous matter, secretions.

A small quantity in the gastric

juice, urine, and saliva.

All tissues and fluids, especially

in urine and bile.

Accompanies phosphate of soda,

and exists also in the red
blood corpuscles.

All tissues and fluids, especially

bones and teeth.
L

All tissues and fluids, especially

in the muscles and thymus
gland.

Most of the tissues and fluids,

especially in milk and bile.

Most of the tissues and fluids,

especially in milk and bile.

Bones, teeth, and blood.

Hyposulphites of sodium and potassium have been dis-

covered in the urine of dogs. The most important of these

salts is chloride of sodium, about 200 grammes of which

exist in the human body. The following table from Lehmann
gives the percentage quantity of chloride of sodium in the

principal fluids of the body :

—

Blood,
Lymph,
Chyle,
Bde,

0'421 per cent.

0-412 „
0-71

0-364

Urine, 0-332 pei cent
Sahva, . 0153 jj

Gastric juice. 0-126
})

Milk, 0-087
5>

Very doubtful.
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2. Organic Compounds.

The organic compounds may be first divided into the

nitrogenous and the non-nitrogenous.

a. Non-nitrogenous Comj^ounds.

These consist of acids, glycogens and sugars, fats, and

alcohols.

1. Acids.—The principal organic acids are as follows:

—

Carbonic, CO, .

Formic, . CHA

Acetic, C2H4O,

Propionic, CaHgO,

Butyric, . C^HgO, .

Caproic, . CeH,,0, .

Capryhc, . CsH.gO, .

Capric, CioH,oO, .

Palmitic, . C.eHa.O, .

Stearic, . ^isHoeC^-

Oleic, C,8H340, .

Lactic, C3He03 .

Paralactic, C3H6O3 .

Oxalic, C,H,0, .

Succinic, . 04He0, .

Taurylic, . C^HgO . .

Damaluric, C7H12O2

Cholahc, . Co4H4y03

Choloidic, ^24^3804

Phosphoglyceri nic, C3H9POS .

Blood and most fluids, bones,
and teeth.

Spleen, muscles, pancreas,

thymus, sweat, blood, urine.

Spleen and muscles.

Sweat, bile.

Spleen, muscles, sweat, urine,

blood—sometimes in stomach
and intestines, excrements.

Sweat.

Sweat.

Sweat.

Fat, serum of blood.

Fat, serum of blood.

Fat, chyle.

Urine, blood, milk, sweat, gas-

tric juice.

Muscle serum.

As oxalate of lime in urine.

Spleen, thymus, thyroid, blood,

saliva, urine.

Urine—especially of the cow
and of the horse.

Urine—especially of the cow
and of the horse.

Contained in the great intestine

and excrements.

Excrements.

Nervous matter, muscles,blood,
urine.
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2. Sicgars.—The glycogens and sugars are

—

Glycogen, . CgH^oOg . Liver, muscles, skin and
chorion of the embryo, lymph
corpuscles.

Glucose, . . CgHigOjj . Liver, blood, chyle, lymph.

Inosite, . . C6H^oOe + 2H20 Muscles, liver, spleen, lungs,

kidneys, brain, supra-renal

capsules.

Sugar of milk, CioH^Ai + H^O Milk.

Fats.—The fats fonnd in the body are

—

Stearine, .

Palmitine,

Oleine,
CgiHggOfi

Fat, and in all the fluids except
the urine.

The quantity of fat in the body may be estimated at about

6 pounds, and this is distributed in the various tissues and

organs as follows

Cartilage, . . 1 "3 per cent.

Bone, . . .14 ,,

Crystalline lens, 2 ,,

Liver, . . .24 ,,

Muscles, . . 3"3

Hair, . . . 4*2 per cent.

Brain, . . . S'O ,,

Spinal cord, . 23.6 ,,

Adipose tissue, 827 ,,

Marrow of bone, 96*0 ,,

4. Alcohols.

-

—These are

—

Ethyl Alcohol, C.HgO
Glycerine, C,H303 .

Phenol, . CcHeO
Cholestrine, C,6H4,0 + H,0

Has been found in urine.

Fats.

Has been found in urine.

Nervous matter, blood, and in

nearly all fluids.

In addition, two substances of doubtful chemical composi-

tion—excretine and dyslisine— have been isolated from the

faeces.

b. Nitrogenous Corjijwunds.

These may be grouped into acids, bases, amides and

neutral bodies, salts, pigments, and albuminous substances.
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1. The acids are

—

Oxaluric, CsH.N.O, .

Uric, C5H4N4O3 .

Hippuric, C,-R,-^0, .

Inosic, CioHhN^O,,.

Cryptophanic, CioHi8N20;^o

Glycocholic, C^fiH^gNOe .

Taurocholic, C^eH^^NSO^.

Sulphocyanic, . CNHS

Urine. "'"-' '" ">

Liver, spleen, lungs, pancreas,
brain, blood, and urine.

Urine of herbivora.

Muscle serum.

Urine.

Bile, and traces in the urine.

Bile, and traces in the urine.

Saliva of the parotid gland.

, Amides, and Neutral Bodies.

Urea,

Glycocine,

Creatine,

Creatinine,

Sarcine, .

Guanine, .

Xanthine,

Leucine, .

CH^N.O

C^H^NO,
C4H9N3O,

C5H4N4O,

Tyrosine, C9H11NO.3 .

Allantoine, C^H^N.O:, .

Cerebrine. C17H33NO3 .

Naphtylan}ine, C10H9N .

Indol, . CsH^N
Trimethylaniine, CeHgN
Cystine, . CoH^NSO. .

Taurine, . C.H^NSOa .

Lecithine, ^44^80^1*09

Protagon, Cn6H,9,N,PO

Urine, blood, lymph, liver, and
sweat.

Liver.

Muscles, nervous matter, blood.

Urine,

Muscles, spleen, liver, supra-
renal capsules.

Pancreas and liver.

Urine, liver, spleen, pancreas,

thymus, brain, muscles.

Pancreas, spleen, thymus, thy-
roid, salivary glands, liver,

kidneys, supra-renal cap-
sules, nervous matter, and
lymphatic glands.

Spleen, pancreas.

Urine, liquor-amnii.

Nervous matter.

Excrements.

Excrements.

Urine.

LTrine, sweat.

Muscles, lungs.

Nearly all fluids, nervous mat-
ter, and semen.

Nervous matter.

The above formulse represent the jjercentage composition

of these substances expressed in the simplest numbers, and
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they throw no light on their actual chemical structure. The

analyses of lecithine and protagon are very doubtful.

3. The various organic acids form salts by combination

with inorganic bases. The principal salts are the fol-

lowing :

—

Carbonate of sodium, Na.COa Urine and blood of

berbivora and om-
nivora.

Carbonate of potassium, KXO3 Urine and blood of

berbivora and om-
nivora.

Carbonate of calcium, CaCOg Bone, teeth, otoliths,

urine of berbivora.

Carbonate of magnesium MgC03 Urine of berbivora.

Hippurate of sodium. NaCgHgNOg Urine of berbivora.

Hippurate of calcium, Ca2(C9H8N03) Urine of berbivora.

Urate of sodium
Urate of potassium..

NaCgH^N^Og
KCgHgNA-

( Urine, blood, spleen,

\ liver, pancreas,

( lungs, brain.

Oxalate of calcium, CaC204 Urine.

Glycocholate of sodium, NaC,6H4,NOe Bile.

Taurocholate of sodium, NaCogH^^NSO; Bile.

Sulphocyanide of potassiiim, KCNS Saliva.

4. The ^jz^me?2^s which will be described in treating of

blood, bile, and urine, are

—

H^emoglobine, . C6ooH96oNa54FeS30i79 Blood.

Hasmatine, Cg^Hg^N^FeO, . Blood.

Bilirubine, CieHieN.Og . Bile.

Biliverdine, Ci6H.oN,0, . Bile.

Urobiline, C32H40N4O, . Urine, excrements.

Indican, C,eH3,N0,, . Urine.

5. Albuminous Substances.—These all contain nitrogen

and sulphur, and their chemical constitution may be gene-

rally represented by the following formula : C^^H[H,NjgO<,9S.

Albuminous substances also contain small quantities of



32 CHEMICAL PHYSIOLOGY.

phospLorns wliicli is believed to exist in it as pliosphate

of lime. The principal albuminates are as follows :

—

Albumen of serum,

Albumen of egg, .

Vitelline,

Myosine, .

Fibrinogen, .

Paraglobuline,

Fibrine,

Caseine,

Syntonine, .

Peptones,

Mucine,

Keratin e,

Collagene or gelatine,

Chondrifjene or Chondrine,

Blood, lymph, chyle, serum, muscle
serum.

White of egg.

Yolk of egg, and crystalline lens.

Muscle serum.

Liquor sanguinis.

Serum, blood corpuscles, lymph, chyle,

crystalline lens.

Blood, lymph, chyle.

Milk, yolk of egg, serum, chyle, muscle
serum.

Muscle.

A product of the digestion of albumi-
nates.

Mucus.

Epithelium, epidermis, nails, hair.

Bone, and connective tissues.

Albuminates exist in the various fluids and tissues of the

body in the following proportions per thousand parts :

FLUIDS

Cerebro- spinal fluid.

Aqueous humour,
Liquor aninii, .

Pericardial fluid.

Lymph, ...
Pancreatic juice, .

Synovial fluid.

Milk, ....
Chyle, ....
Blood, ....

0-9

1-4

7-0

23-6

24-6

33-3

39-1

39-4
40-9

195-6

TISSUES

Spinal cord, 74*9

Brain, 86*3

Liver, 117 "4

Thymus, 122 '9

Egg, 134-3

Muscles, 161-8

Crystalline lens, . . . 383*0

Various substances belonojino- to the class of ferments are

met with in the fluids of the digestive canal, and in the

liver.
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II.-GENEPvAL CONSIDERATION OF THE PRINCIPAL

CHEMICAL COMPOUNDS.

Tlie physical and chemical characters of the principal

organic substances found in the body will be described in an

appendix (A), and the chemical composition of the principal

tissues and fluids will be referred to in discussing the physio-

logy of the tissues and of the various functions. Here, how-

ever, it is necessary to enumerate briefly some of the chief

facts of physiological significance regarding the compounds

found in the body.

1. Albuminous Substances.

All albuminous substances are amorphous and have a

neutral reaction. Their chemical composition, in 100 parts,

is 52 to 54 carbon, 7 hydrogen, 15 to 17 nitrogen, 21 to

23 oxygen, and about 1 to 5 sulphur. Their molecular

structure is still unknown. The chief albuminous bodies

are the following :—
1. Albumen is found in white of egg, in serum of bloody

in lymph, in chyle, and in all serous efi'usions. It is

coagulated by heat in flakes. In the condition of vegetable

albumen, it is dissolved in many of the juices of plauts.

2. Caserne.—This substance is coagulated from milk by

heat with the addition of an acid. If any albuminous sub-

stance be treated with an alkali, and if the solution be

neutralized by acetic acid, a substance chemically identical

with caseine is obtained. Legumine, found in the grains of

leguminous plants, is identical with caseine.

3. Fibrine.—This is an albuminous body formed during the

coagulation of blood, chyle, or lymph. It is formed by the

combination of two soluble albuminoids, fibrinogen and

fibrinojylastic substance. Fibrinogen is found in all fluids

c
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which may transude from the blood into the tissues, in the

fluid part of the blood itself, called the liquor sanguinis, in

lymph and in chyle : whilst fibrinoplastic substance exists

in the blood corpuscles and in small quantity in the liquor

sanguinis. The conditions favouring the union of these two

substances to form fibrine Avill be described in treatino- of theo

coagulation of the blood.

4. Syntonine is a jelly-like matter which may be obtained

from muscular tissue by the action of hydrochloric acid.

It is dissolved by this acid and by weak alkaline solu-

tions, and it is precipitated by neutral salts such as chloride

of sodium.

5. Myosine.—This substance exists in a fluid condition in

living muscle, and, by its spontaneous coagulation after death,

the condition called cadaveric rigidity is produced. It may
be obtained by pressure from the muscles of a frog recently

killed, and it is dissolved in a solution of common salt, a

reaction which distinguishes it from syntonine already

described.

6. Glohuline.—This is the albuminous body found in

the red corpuscles of the blood. It exists as part of the

colouring matter of the blood called h^emoglobine, which

will be afterwards described. When it is separated from

hsemoglobine, it is recognized by its solubility in water con-

taining oxygen, and by its insolubility in water containing

carbonic acid.

7. Peptone.—Under this general name we include various

substances soluble in water produced by the action of gastric

juice on albumen, the characters of which will be described

in treating of Digestion.

The principal physical properties of the albuminous bodies

are: (1) they are hygroscoi:)ic to a remarkable degree; (2) they

have the property of deviating polarized light to the left; and

(3) they form emulsions with oil, in which, under the micro-
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scope, each fatty globule is seen to be siirrouiicled by a tliin

nieinbrane of albuminous matter.

All these substances are soluble in alkalies and in concen-

trated acetic acid; they are precipitated by strong mineral

acids, tannic acid, metallic salts, and by concentrated solutions

of the neutral salts of the alkalies and alkaline earths. In

the presence of water and of oxygen, and under the influence

of a temperature of from 15° to 40° C, albuminates decom-

pose into a number of products, consisting chiefly of leucine,

tyrosine, ammonia, sulphuretted hydrogen, carbonic acid, and

the fatty acids.

2. Albuminous Derivatives.

These are substances closely related to those just de-

scribed. Among them, we have the intercellular substance

found in bone and connective tissue, known as gelatine or

collagene, which is readily obtained from these materials by

boiling. Cartilage supplies an analogous body by pro-

longed boiling, called cJiondrine. In like manner, elastic

tissues yield elastine] and epithelium, hair, nail, and epidermis

yield keratine, which is remarkable for its richness in

sulphur.

A substance, in the form of colourless crystals, has been

obtained from the nervous matter forming the brain and

spinal cord,- and it has received the names of protagon,

cerehriiie, and myeline. It has also been discovered in the

red corpuscles of the blood, in yolk of egg, and in semen.

Analyses of the albuminous derivatives show that gelatine

and chondrine are a little richer in oxygen and a little poorer

in carbon than albuminous bodies, whilst elastine contains,

on the contrary, more carbon and less oxygen. Gelatine is

not precipitated by any acid except tannic acid, while chon-

drine is precipitated by nearly all acids. Both are soluble

in water. Keratine is not dissolved by boiling water or by
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weak acids, but it is dissolved by alkalies and concentrated

acids. Elastine is dissolved only in concentrated alkalies.

The composition of protagon has been represented by the

following formula :

—

When boiled with baryta water, it decomposes into phospho-

glyceric acid (CsHgPOe), stearic acid {Q-i^-^qO^, and a very

alkaline substance named neurine (CgH^g]Sr02).

From all secretions of mucous membranes a substance may
be readily precipitated, in a J&occulent form, by alcohol or

acetic acid, which is termed muci7ie. It is difficult to obtain

it in a state of absolute purity, and therefore the formula

given by Hoppe-Seyler may be regarded as approximative :

3. Nitrogen Bases and their Allies.

When we examine the chemical constitution of plants, we
find they contain lion-nitrogenous and nitrogenous bodies.

As examples of the first, we have (1) carbohydrates, such

as cellulose, starch, dextrine, gum, and cane and grape

sugar
; (2) the varieties of the essential oils and resins ; and

(3) vegetable acids. The nitrogenous compounds comprise

the colouring matters of plants, the principal of which is

chlorophyll, and organic bases termed alkaloids. These

bases contain nitrogen, in addition to carbon, oxygen, and

hydrogen. The following are examples :

—

Morphine, . . Ci7Hi9]S'03. I Strychnine, . . CgiHgglSr.^O^.

Conine, . . CgH^gN. ] Nicotine, . . 0101114X2.

Chemically, these bodies are regarded as compound am-

monias—that is, bodies in which one, two, or three equi-

valents of hydrogen are replaced by radicles. Thus conine

may be represented as ammonia in which two atoms of
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hydrogen are replaced bj the monatomic radicle C^H^,

and nicotine as a condensed ammonia in which all the

hydrogens are replaced by the tiiatomic radicle C^H^.

Example :

—

Conine. Nicotine.

In the animal economy certain bodies are found which

apparently have a somewhat similar chemical structure.

They differ in chemical composition from the vegetable

alkaloids, however, by containing less nitrogen and oxygen

in proportion to the amount of carbon. These substances

Leucine, CeH.sNO,. Creatinine, C,H,N30.
Tyrosine, C9H11NO3. Sarcine, C5H4N4O.
Glycocine or glyco- Xanthine, C,H,N,0,.

colle. C,H,NO,. Guanine, C5H5N5O.
Taurine, C.H^NO.S. Allantoine, C4HeN,03
Creatine, C'HgNaO,. Urea,

^i? xl 1_ _ T ^

CH^N.O.

• 7
It is probable that certain of these bodies are amicles-

ammonias in which one or more atoms of hydrogen are

replaced by radicles of an acid, or amiclo-acids—that is,

acids in which one or more hydrogen atoms of the radicle

of the acid are replaced by NHo. Thus urea may be

regarded as carbamide—or ammonia containing the diatomic

radicle of carbonic acid. Example :

—

K
Ammonia.

CO.

Radical of CO.,.

CO

Carbamide

N.-, CH^N.O.

Urea.

In like manner, on the type of one molecule of water,

glycocine may be regarded as amide-acetic acid, leucine as

amido-caproic acid, and sarcosine, one of the derivatives of

creatine, as amido-methyl-acetic acid. In the amido-acid
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group of the latter substance one atom of hydrogen is

replaced by CHg (methyl). Example :

—

C,H.,ONH., ) ^ CeH.oONH., ) ^ C,H0(CH3)NH.;| ^

or or or

C0H5NO2 CeHigNO. CgH^I^O,

Glycocine or Leuchie or Sarcoshie or mefchyl-

amido-acetic amido-caproic glycocine, or amido-
acid. acid. methyl-acetic acid.

The amides are often conjugated bodies, and they may
behave either as bases forming unstable compounds with

acids, or they may play the part of feeble acids, which, with

the loss of Avater, unite with alkaline bases. The chief

point at present of physiological importance is their insta-

bility, especially in the conditions of the living body.

Nearly related to tliese ammonia bases there are certain

compounds known as animal nitrogenized acids, which are

divided into two groups.

1. The Conjugated Biliary Acids, namely glycocholic acid,

C26H43]SrOg, and taurocholic acid, CogH^sNSO^. These com-

pounds are feeble acids, and in the bile exist in combination

with sodium. When treated with weak acids or dilute

caustic potash, they absorb a molecule of water, and split

up into two simpler bodies. Example :
—

Glycocholic acid. Glycocine. Cholalic acid.

C^eH^gNSO,^ + 1-1,0 = C^H^NSOg + G,,^,o%
Taurocholic acid. Taurine. Cholalic acid.

It is important to observe that these compounds split up

into a nitrogenous and a non-nitrogenous portion. Hip-

puric acid in like manner may, by the incorporation of water,

be resolved into benzoic acid and glycocine. Thus :

—

C9H9NO3 + H.O = C^HgO, + CoHgNO.,

Hippuric acid. Benzoic acid. Glycocine.
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Here again the compound body is resolved into a nitrogen-

ous aud a non-nitrogenous portion.

2. The Non-conjugated Acids.—Certain acids are also met

witli in the animal body which are not conjugated, as for

example, inosic acid, C^qKiJ^^0-^^, which is found in muscle

juice, and the principal acids of urine, namely, uric acid,

CgKJ^liP.^, and hippuric acid, CgHgNOy. Closely related to

uric acid, there are a series of bodies sometimes met Avith

in the animal fluids, most of which, by the addition of one

or more molecules of water, may be resolved into a nitro-

genous base, urea, and a non-nitrogenous acid. Example :

—

C,H,N,03
Uric acid.

+ 4HoO
Tartronic acid.

2CH,N.,0
Urea."

Alloxan.

-1- 2HoO = Cgli.^Og +
Mesoxalic acid.

CH4N.O
Urea.

Oxaluric acid.

-f- H,0 = CoH.,04 +
Oxalic acid.

CH^NoO
Urea.

CgH.NA.
AUanturic acid.

+ H^O = CgH.O:,
_
+

Oxyglycocholic acid.

CH,]sr.,o

Urea:

Aliantoine.
+ H,0 ^ C3H,isr,o.3 +

AUanturic acid.

CH,K,0
Urea:

C.HgNgO,
Creatine.

+ HoO = CgH.NOo +
Sarcosine.

CH,N,0
Urea.

It will be observed that aliantoine and creatine split into

two nitrogenous compounds. These numerous examples of

chemical decompositions are given to show how urea (the

principal nitrogenous substance separated by the kidneys)

may possibly be produced from more complex nitrogenous

substances.

4. Non-nitrogenous Compounds.

These consist of carbohydrates, volatile acids, fatty acids

and fats, and non-nitrogenous acids.

1. The carbohydrates are glycogen, CgHioOg + SH^O, met

with in the liver, blood, and tissues
;
glucose or graj)e sugar,

CgHioOg + 2HoO, found in blood and chyle; inosite, or muscle
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sugar, CgHjaOe + 4H2O, found in muscle ; and milk sugar,

CgHi^Oe + HoO. It is said tliat the muscle serum and blood

of herbivora often contains dextrine, and it is well known
that the bodies of ascidians contain cellulose.

2. The body contains many acids belonging to the group

of volatile and fatty acids. They contain no nitrogen, are

met with in most of the secretions, and iisually exist in the

products of putrefaction of animal tissues. The first in the

series have a small, but the last, such as palmitic and stearic

acid, have a high, atomic weight. These last enter largely

into the structure of the histological elements of animal

tissues. The following is a list of these acids :

—

Formic acid, . . CH,0.,. Caproic acid. CeHisOg.
Acetic acid, . . C2H4O,. Caprylic acid, CsHlJot
Propionic acid, . CgHgOo. Capric acid, CioH^oO,
Butyric acid, . C^HgO,. Palmitic acid, ^16^3202-
Valerianic acid. . C.HioO,. Stearic acid, Cis-tiseOo-

With the exception of the four last, all of these acids are

liquid at ordinary temperatures, and as their atomic weight

increases they become less volatile. Caprylic, capric, palmitic,

and stearic acids are crystalline masses. Animal fats con-

tain one or more of these acids, along with butyric acid, and

another acid which does not however belong to the same

group, oleic acid, CigHn^Oo.

Gomposition of a Fat.—Animal fats exist during life in a

liquid form, contained in small cells lying in the meshes of

connective tissue, from which the fluid may be expelled by

pressure. The oils thus obtained have been termed ^m^ma^me,

stearine, and oleitie. Stearine is the most consistent of the

three, while oleine is fluid at ordinary temperatures. Human
fat is formed chiefly of a mixture of palmatine and oleine,

and only a very small quantity of stearine.

Fats consist chemically of a combination of a triatomic

alcohol known as glycerine, C^HgOg, with a fatty acid. Their
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structure may be best compreliended by supposing that they

are built on the type of three molecules of water, in which

three of the hydrogens are replaced by three atoms of the

monatomic radicle of a fatty acid and the remaining three

by the triatomic radicle glyceryl. Thus :

—

C16H33 H,
Eadicle.

CX8H37 .- H,
lladicle.

(HoO)3 C16H31O C3H5

Water. Radicle of Glyceryl.

palmitic acid.

(H,0)3 C,3H3,0 C3H,

Water. Eadicle of

stearic acid.

Glyceryl.

Eadicle of palmitic acid.

Eadicle of stearic acid.

+

+

(Ci6H3iO)3C3H.
I

O3 or C^^HysOg

Palmitine.

(C.sHssOJaCsH, [ O3 or C.^H.^oOg

Stearine.

(Ci8H330)3C3H5 [ Og.SH.O or Q,,-K,,,0, + 3H,0

Oleine.

A fat may thus also be considered as a compound-ether,

or, in other words, as consisting of palmitic, oleic and stearic

glycerides, variously mixed together.

3. The non-iiit7'ogenous acids have been already referred to.

They exist in very small quantity in the animal body, where-

as they are found abundantly in plants. One of the most

important is cholalic acid, 024X140^5' "^iiich, by uniting with

giycocine and taurine, forms the conjugated biliary acids as

already described. It is found in small quantities in the in-

testinal canal. Lactic acid, CgHgOg, is the only acid of low

atomic weight which is of importance in the animal economy.

It exists in the gastric and intestinal juices in the ordinary

condition, and it is found somewhat modified in muscle

serum, where it is known as ijaralactic acid. ^

1 As to the differences between these acids, see p. 83.
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III.—GASES OF THE HUMAIst BODY.

The gases of the human body consist of oxygen, nitrogen,

carbonic acid, hydrogen, carburetted hydrogen, and sulphur-

etted hydrogen. These gases exist either free in certain

cavities of the body or are dissolved in certain fluids.

1. Free Gases.

1. Oxygen is found in the pulmonary passages, and in the

intestinal tube. The oxygen of the lungs conies directly

from the atmosphere of the air ; while that of the intestinal

tube, which is in small quantity, is no doubt introduced

with food and drink.

2. Nitrogen is also found in the lungs, and in the intes-

tinal canal. According to Chevereul, the great intestine

contains usually more than the small intestine, a fact which

would indicate that a portion of the nitrogen may be

derived from another source than atmospheric aii\

3. Hydrogen has been found in small quantity in the air

of expiration, and also in the intestinal canal ; it is said to

increase in the great intestine during a milk diet, and to

reach a minimum during a meat diet. Its origin in the

intestine is probably due to fermentation.

4. Carhonic acid also exists in the lungs and intestinal

canal. In the lungs it is derived from the blood, and in

the intestinal canal it may come partly also from this source,

but is no doubt chiefly due to chemical decomposition.

5. Carburetted hydrogen has been found in the great

intestine, where it is said to exist to the amount of from

5 to 10 per cent. It is increased by a leguminous, and falls

to a minimum during a milk, diet. It is the result of

decomjDosition.

6. Sidphuretted hydrogen is occasionally found in the
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intestinal canal, and results from the decomposition of tlie

albuminous elements of food, or from biliary matters, both

of which contain sulphur.

2. Gases in Solution.

Oxygen, nitrogen, and carbonic acid exist partly in solu-

tion, and partly in a state of loose chemical combina-

tion, in all the fluids of the body. The chief facts will

be described in treatino- of the various fluids. Referenceo

is made to tables on page 44, compiled from various

authorities, which give the quantity of gas contained in

the principal fluids.

TV.—COMPARISON OF THE CHEMICAL COMPOSITION OF
PLANTS AND ANIAIALS.

The following are the principal points to be noted :

—

1. The albuminoid substances are nearly identical in

plants and animals.

2. The substances known as albuminous derivatives, which

form a constituent portion of the tissues of animals, such, for

example, as gelatine, chondrine and elastine, are not met

with in plants; while mucilaginous and fermentive substances,

which resemble these derivatives, are met with in both king-

doms.

3. By the decomposition of albuminous substances, various

nitrogenized products or bases may be formed both in plants

and animals. In plants, these bases are peculiar to the

species, as for example the alkaloids of opium ; whereas they

are nearly identical in all the different species of animals.

4. Vegetables are richer in non-nitrogenous substances

than animals, and the most of those which exist in animals,

such as sugar, fats, and iion-nitrogenous acids, are also found
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in plants. On the other hand, plants contain many non-

nitroo-enous substances never met with in animals, such as

cellulose, gums, essential oils, resins, and vegetable acids.

5. The fluids of vegetables hold in solution oxj^gen, car-

bonic acid, and ammonia; while the fluids of animals contain

only oxygen and carbonic acid. The fluids of plants contain

more carbonic acid, and those of animals more oxygen.

6. Both plants arid animals contain various inorganic

salts, consisting chief]y of the alkaline chlorides, and of the

alkaline and earthy phosphates, which exist in about equal

proportions. It has been asserted that in plants the

chlorides and phosphates may more easily be substituted the

one for the other than in animals.

v.—CHEMICAL EEACTIONS IN THE LIVING ORGANISM.

Hitherto we have been describing the substances obtained

by chemical processes from dead animal matter, or from the

secretions or excretions of the body. It is manifestly a

much more difficult task to attempt to follow the chemical

reactions which occur in the living body, and it may be at

once admitted that much of our knowledge of such pheno-

mena is based upon inferences collected from the general facts

observed by the physiological chemist when he analyzes the

substances obtained from the body, and studies how they

are affected by oxidizing and deoxidizing agents, into what

simpler substances they may be decomposed, or what more

complex substances may be formed by their combination.

We are still ignorant of the exact phenomena and conditions

of those obscure chemical processes which occur in living

tissue, and which appear to be absolutely necessary for the

manifestation of vital action, inasmuch as it is impossible

to submit living tissues to the ordinary processes of chemi-
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cal analysis, even on a microscopic scale, without destroying

their vitality.

The principal chemical reactions, however, may probably

be classed into the three great divisions of analytical pro-

cesses, synthetical processes, and fermentations.

1. Analytical Processes.

The analytical processes occurring in the living body con-

sist of oxidations, reductions, and decompositions.

a. Oxidations.

Oxidations are the most common chemical reactions in

the living organism. The albuminates, fats, and carbo-

hydrates, by union with oxygen, form a series of compounds,

somewhat simpler in chemical composition, and lower in

molecular weight than themselves. From these, by a con-

tinued process of oxidation, bodies still less complex in chem-

ical composition are formed, and so on in successive stages

until the elements which at first existed in albuminates now

appear under the form of urea, carbonic acid, and water,

and those of the carbohydrates and fats as carbonic acid and

water. At present it is impossible to demonstrate the suc-

cessive phases through which albumen may have to pass,

but there is little doubt that many of theses have been

observed by chemists in the laboratory. Thus, by oxidation,

albumen has been resolved into leucine, tyrosine, glycocine,

and fatty acids ; uric acid into urea, allantoine, oxalic acid,

and carbonic acid
;
guanine into xanthine, oxaluric acid,

and urea j creatine into sarcosine and urea, and fats into

the whole series of fatty acids. It has also been found that

the introduction into the living body of one or other of

these substances has been followed by ihe appearance in

the secretions of an increase of the materials into which this
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body may be resolved. Thus, the iiitrodiiction of uric

acid increases the amount of urea and of oxalate of lime

excreted.

The oxygen of the air introduced by respiration is the

agent which effects the oxidations j but it is remarkable,

that while in the laboratory these oxidations only take

place at a high temperature and slowly, in the living condi-

tion they occur at the temperature of the body and with

much greater rapidity. To explain this, it has been assumed

that the oxygen of the tissues is in the condition of ozone,

which is known to have strong oxidizing powers even at

comparatively low temperatures. On the oxidation pro-

cesses occurring in the body, animal heat, mechanical work,

and innervation largely depend.

b. Reductions.

The phenomena of reduction which is so important in the

life of a plant, do not occur so frequently in the animal

body. The formation of fat from carbohydrates is an exam-

ple : the carbohydrates lose oxj'^gen, and become transformed

into fats. The formation of indol, CgH^-N, and of trimethyl-

amine, C^HgN, bodies which are occasionally found in small

quantities in animal fluid, have been supposed to be due

to a process of reduction.

c. Decompositions.

By decompositions we mean the splitting up of an organic

substance into two or more chemical compounds, the com-

bined molecular weight of which is exactly equal to the

molecular weight of the first substance. Thus taurocholic

acid may divide into choloidic acid and taurine.

CogH^gNSO^ = C^H^NSOg + C04H38O4

Taurocholic acid. Taurine, Choloidic acid.
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Occasionally, by dehydration or the removal of water, a

simpler body may be formed. Thus, with the aid of heat,

cholalic acid may be converted into dyslysine and water, and

creatine into creatinine and water.

C.^H.oOg = C,,H3603 + 2H,0
Cliolalic acid. Dyslysine,

C4H9N3O, = C4H7N3O + H^O
Creatine. Creatinine.

Sometimes a molecule of water may be removed, and the

residue may then split up into simpler compounds. Thus,

oxalic acid may be divided into carbonic acid, carbonic oxide,

and water.

C,H,0^ — H,0 = CO, + CO
Oxalic acid.

It would appear in some instances that a compound must

combine with water before splitting up. This occurs in the

saponification of fats and in the decomposition of glycocholic

acid into cholalic acid and glycocine.

C^eH^gNOg + H,0 = C,,H,oO, + C.H^NO^
Glycocholic acid, Cliolalic acid, Glycocine.

In like manner, ci-eatine may be resolved into urea and

sarcosine, and urea into carbonic acid and ammonia,

CH^N^O + H,0 = CO, + 2NH3
Urea,

2. Synthetical Processes,

The formation of organic substances by synthesis in the

living animal body is still very imperfectly understood, but it

is interesting to observe that many nitrogenous organic com-

pounds have been formed synthetically by the chemist in the

laboratory. Thus urea, hippuric acid, glycocine, taurine,
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sarcosine, creatine, and oxalic, lactic, succinic, benzoic, pro-

pionic, acetic, and formic acids, have been formed artificially

;

but as yet it has been imposs-ible to prepare the higher members

of the series. It is probable that in the living body more of

the nitrogenous compounds are formed by analytical than by

synthetical processes. One Avell-knoAvn example of a syn-

thetical process is the formation of hippuric acid after the

introduction of benzoic acid with food or medicine. In these

circumstances, benzoic acid unites with giycocine to form

hippuric acid, which makes its appearance in the urine.

CVHeO, + C.HgNO^ = C9H9NO3 + H^O.
Benzoic acid. Giycocine. Hippuric acid.

3. Fermentations.

Certain substances have been long known to jDOSsess the

jDroperty of exciting chemical changes in matters with which

they come into contact. Such substances have been named

by chemists ferments, and the process is known as fermen-

tation. As fermentation plays a very important part in

nature, and as in recent times it has been supposed to be the

explanation of many processes occurring in the body, and to

account for the origin of not a few forms of disease, namely,

those included under the generic name of zymotic, it is

necessary to refer to it here somewhat in detail.

Fermentations may be divided into two classes, according

to the nature of the agents exciting the process. These are

(«) soluble and (h) organized ferments.

a. Soluble Ferments.

The soluble ferments are those which are the products of

secretion, or of chemical changes in animal or vegetable

cells, and, as examples, may be taken diastase of malt,

and ptyaline found in saliva. When obtained pure, the}^

are solid, amorphous, colourless, tasteless bodies, soluble in
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water, and preci25itated from their aqueous solutions by

alcohol, and the acetates of lead. Chemically, they resemble

in constitution the derivatives of albuminates, but they

contain no sulphur. The following are a few examples of

fermentive processes :-

—

1. The conversion of starch into dextrine, and glucose,

produced by the action of the diastase of malt ; of ptyaline

in saliva ; of a ferment in the pancreatic juice ; and of all

albuminous matters in a state of decomposition.

2. The tranformation of cane sugar into inverted sugar,

which is a mixture of dextrose and laevulose, and into

glucose accomplished by a ferment in the intestinal juice, and

perhaps by a ferment in yeast.

3. The conversion of glucosides, such as amygdaline, into

glucose and various compounds, accomplished by sjnaptase

or emulsine.

4. The conversion of glycerine and mannite into glucose,

said by Berthelot to be effected by a ferment obtained from

the tissue of the testicle. (Watt's Dictionary of Chemistry

—Art. Mannite})

5. The conversion of glycerine and of mannite into

alcohol by the action of nitrogenous organic matter in a

state of decomposition.

6. The splitting up of fats into fatty acids and glycerine

by the action of a ferment in the pancreatic juice.

7. The transformation of albuminates into peptones by

the action of pepsine, the ferment of the gastric juice,

and by a ferment in the pancreatic aud intestinal juices.

The following are examples of the chemical changes

effected in these processes of fermentation

—

1. Simple isomeric transformations, as in the conversion of

starch into dextrine and sugar.

2. Hydrations, as in the conversion of cane sugar into

glucose.
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3. Synthetic processes, as in the fermentation of gliico-

sides.

4. The separation of water, and a change in the molecnhir

condition of the remainder, as in the conversion of albumin-

ates into peptones {liydrohjtic ferments).

It is to be noted that, in many instances, chemical changes,

similar to those produced by soluble ferments, may be

effected by the action of heat and of the mineral acids.

Fermentations of this class are the principal agents in the

chemical transformation of food in the process of digestion,

and in all probability processes of a fermentive character also

occur in certain organs, as in the liver.

b. Organized Ferments.

These are living organisms, the type of which is the uni-

cellular plant found in yeast, and known as Torida c^revisice,

and including such organisms as many forms of fungi,

vibrios, and bacteria. It is not within the province of this

work to describe these organism^s, or to enumerate the pro-

ducts which are formed by them. It will be sufficient to

point out some of the facts of their history, which are of

biological importance.

1. Soluble ferments usually produce, as the result of their

action, not more than one or two substances, but the organ-

ised ferments, as a rule, produce several substances. Thus

glucose, in the presence of yeast, not only may yield carbonic

acid and alcohol, but also glycerine, succinic acid, acetic acid,

fatty matter, a nitrogenous matter, and other pi'oducts.

2. Organized ferments do not absolutely require the

presence of the oxygen of the air, as they have the ])ower of

obtaining oxygen from fermentiscible matter itself. In cer-

tain cases it would even appear that excess of oxygen arrests

fermentation. Pasteur has shown that vibrios are killed by

a strong current of oxygen passed through the fluid contain-
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ing tliein, and Paul Bert lias found fermentation to go on

mucli more slowly under a pressure of five atmospheres of

pure oxygen.

c. Theories of Fermentation.

In all fermentations there are two results—first, a change

in the matter ruidergoing fermentation; and, second, a con-

stant increase of the ferment itself when the conditions are

favourahle. Fermentation is usually accompanied by an

absorption of oxygen and an elimination of carbonic acid.

All organized ferments possess a strong affinity for oxygen.

AVhen they receive their oxygen from the atmospheric air,

they may be termed ferments of oxidation, and when they

have the power of removing it from the fermentiscible sub-

stances, ferments of reduction.

The reducing power of ferments is very variable. They

may be able to reduce the binoxide of hydrogen, HgO^, into

water and oxygen, and in certain conditions they may even

decompose water into its elements. The most energetic of

all processes similar to fermentation is that of chlorophyll

in vegetable cells, which can decompose carbonic acid and

water, and under the influence of light, can form, from

the elements of these, organic compounds, especially carbo-

hydrates. Fermentations which are accompanied by oxi-

dation, have sometimes been grouped under the name of

jnitrefaction, to distinguish them from true fermentations,

which are chemical processes consisting simply of decom-

l)Ositions without oxidation. The same ferment, however,

by reason of its strong affinity for oxygen, may reduce

another substance and at the same time absorb the oxygen

thus set free. Usually, organized ferments which produce

these two actions present different forms. Thus, the fer-

ment of true fermentations appears under the form of

small isolated cells, which remain in the deeper part of

(
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tlie fluid in which they exist; while, on the contrary, the

organisms which produce putrefaction are composed of chains

of small cells, of various forms, which chiefly float upon the

surface of the fluid. These latter constitute the moulds

which appear frequently on the surface of organic fluids

or on damp surfaces. They belong to the division oi fungi

(Pencillium, Aspergillus, Mucor, &c.).

The following four hypotheses have been ofiered to explain

the phenomena of fermentation :

—

1. Contact theory.—The ferment possesses an unknown

action, termed catalytic, by which simple contact with the

fermentive substance excites decomposition. (Berzelius.)

2. Mechanical theory.—Ferments are bodies in a state of

intense molecular movement, and these movements may be

transmitted to organic matter so as to excite in them a

tendency to decomposition. It will be observed that this

theory somewhat resembles the contact theory, and gives no

satisfactory explanation of the phenomena.

3. Vitalist theory.—Fermentations ai'e always excited by

organisms. This theory has derived much support in recent

years from the elaborate researches of Pasteur, and is the

one now most generally accepted. The theory of Pasteur

is that the air contains the germs of microscopic plants and

animals ; and when these germs find a fitting soil, they

develop themselves therein, producing fungi and infusoria

which excite fermentation.

4. Physico-chemical theory.—This view, strongly advo-

cated by Liebig, is that there is no necessary connection

between the fermentive process and the development of

living organisms, and that the organisms may simply pro-

duce a substance, the molecular vibration of which may
cause a rearrangement of the atoms of the substance under-

going fermentation. This is a modification of the mechani-

cal theory above described. The splitting up of sugar into
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carbonic acid and alcohol, by the action of the yeast plant,

he places side by side with the decomposition of anhydrous

acetic acid into acetone and carbon dioxide (a change brought

about by heat), and with the change of an aqueous solution

of c3''anogen gas into oxaniide, which is brought about by

the action of the merest trace of aldehyde. Just as the

vibration produced by the aldehyde determines the rearrange-

ment of the atoms of cyanogen and water so as to constitute

oxamide, so Liebig regards the rearrangenient of the atoms

of sugar as the result of a vibration produced by the chemi-

cal changes which take place in some unstable substance

produced by the yeast-plant. The grov/th of the yeast-

plant is, according to this idea, indirectly connected with

the process of fermentation. "It is possible," he says,

" that the physiological process stands in no other relation

" to the process of fermentation than that, by means of it, a

" substance is formed in the living cell, which, by an action

"peculiar to it—resembling that of emulsin on salicin or

" amygdalin—determines the decomposition of sugar and
" other organic molecules. In such a case, the physiological

" action would be necessary for the production of this sub-

" stance, but would be otherwise unconnected with the

"fermentation properly so called." (Article "Fermenta-

tion," in Supplement to Watt's Dictionary of Chemistry.)

It is asserted that in the fermentive process excited by

soluble ferments, such as the conversion of albuminates into

peptones by the action of pepsin, the amount of ferment at

the end of the process is the same as at the beginning.

This statement, however, does not necessarily involve the

idea that in the process the ferment undergoes no change,

and that its influence is mysteriously due to some kind of

contact action. It is more reasonable to suppose that the

action is due to reciprocal exchanges between the ferment

and the fermentible matter, as is illustrated in the continu-

I
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ous etlierificatioii process caused by the action of sulphuric

acid upon alcohol, for an account of which reference is made

to any textbook on organic chemistry.

In considering the mode of action in organized ferments,

it is impossible at present to say whether (1) they produce

soluble ferments which excite changes in the fermentescible

matter, or (2) whether the products of fermentation are

the results of nutritional processes of absorption and of

excretion carried on by the living organism or cell which

we regard as the ferment.

Consult Beaunis' Physiology; Chimie Pliysiologique. Gerhardt :

Chimie Organique. Hoppe-Seylek, Handbuch der Physiologisch-

und Pathologisch - Cliemischen Analyse. Miller's Chemistry,

vol. III. KiJHNE : Lebrbucli der Physiologischen Chemie, 1868,

Gorup-Besanez : Lehrbucli der Physiologischen Chemie, 1874.

Hermann's Physiology, translated by Gamgee; Chemical Consti-

tuents of the Human Body. Foster's Physiology, p. 493.—On
Fermentation, consult Pasteur : Annales Chimiques et Physiolo-

giques, 3rd series, Iviii. 323, lii. 404. Berzelius : Jahresberichte,

XX. 454. Miller's Chemistry, voL III. Berthelot: Chimie Organ-

ique Fondee sur la Synthese. Articles "Fermentation," in Watt's

Dictionary of Chemistry, vol. III. and Supplement.
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The Cell and Protoplasm— The Connective Tissues—Epithelium— The

Contractile Tissues— 71ie Cartilaginous and Osseous Tissues—
The Nervous T^issues—Diffusion and Endosmotic Action in Tissues

— Vital Phenomena of Tissues—Law of the Constancy of Energy,

and its Application to Living Tissues.— Theories of Life.

All the tissues and organs of the hodf originate from

an embryonic cell termed the ovum. After fecundation this

cell divides into numerous cells, and these are developed

into tissues. The various tissues combine to form orgmis,

which are parts of the body differentiated for a special pur-

pose in the economy. The organs of animals are never

formed by a bingle tissue, but one kind of tissue usually pre-

dominates and determines the principal functions of the

organ, while at least two others are present as accessory

structures. Groups of organs constitute a system which

manifests functions of greater complexity than that of a

single organ. The organs forming a system are more

or less dependent on each other, and on the organs

of other systems. The different systems found in the

body may be grouped as folloAvs—(1) The osseous system,

which forms the frame-work of the body; (2) The muscular

system, by which cavities are formed, and the various parts

of the skeleton are more or less moveable upon each other

;

(3) The digestive and visceral system, specially connected
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with the preparation of matter for the nutrition of the body;

(4) The vascular system for the distribution to every tissue

and organ of a nutritive fluid, and for the removal of waste

products
; (5) The nervous system, which not only regulates

and physiologically connects all the others, but is associated

with sensation, volition, and intellectual acts ; and (6) The

reproductive system, for the perpetuation of the race. An
account of the structure and relations of these various

systems forms the subject of descriptive anatomy.

In this section we shall first describe the physiology of

the cell, the simple element from which all tissues are

derived, and of protoplasm, its principal constituent. This

will lead the w^ay to a consideration of the physical and

physiological properties of the various tissues, without

entering into detail regarding their minute structure more

than is necessary for the comprehension of their functions.

There are numerous details of structure, the results of

recent histological investigation, which at present have no

physiological significance. These are fully described in

recent works on histology.

I.- THE CELL AND PEOTOPLASM.

The cell, according to the original definition of Schleiden

and Schwann, the founders of the theory that all the tissues

are derived from cells, is a small microscopic vesicle, com-

posed of a membrane, the cell wall, enveloping some semi-

fluid matter, the cell contents, in which are embedded a small,

round, or oval body, the nucleus, in which there may be a

still smaller body, the nucleolus. Research has shown, how-

ever, that neither the cell wall nor nucleus are essential

portions of a body which possesses all the physiological

peculiarities of a cell, which thus is reduced to a more or

less homogeneous mass of organized matter named ^rroto-
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2jlasm. Before entering on tlie consideration of the phe-

nomena of cell life, it is necessary to describe the general

characters of protoplasm.

1. Protoplasm.

This is a jelly-like substance, colourless, or faintly yellow,

amorphous, or having embedded in it molecules or granules.

It is difficult to observe it in the ultimate structures of the

higher animals, and our knowledge of it has been derived

chiefly from observations on microscopic animals and plants.

It may be met with in nature in two conditions— (1) free, or

(2) in the interior of cells. Free protoplasm may occur in

masses of jelly-like matter, called 2^^a,smodies, as may be

seen in myxomycetes, which are the fungi found on old

leather, or on tan. Such masses, when examined under the

microscope, are granular, and show not only changes of form

slowly occurring, but also currents flowing through the jelly-

like matter in various directions. It has been ascertained

that these movements are aflected by external agents. Thus

the protoplasm moves towards light ; heat quickens while

cold retards the movements, and extreme cold or extreme

heat will arrest the movements altogether; electricity excites

contraction ; oxygen, as in atmospheric air, is necessary for

the movement, and excess increases its activity ; and finally,

the movements are arrested by carbonic acid, ether, chloroform,

solutions of sulphate of quinine, and by other poisons.

Another form of free protoplasm is seen in the amcehce of

stagnant pools. These consist of a mass of protoplasm, some-

times homogeneous, but usually containing granules. These

bodies slowly change their form, pushing out one part of the

body in a particular direction as a perfectly hyaline substance,

and afterwards slowly retracting it. Sometimes numerous

processes are thus protruded simultaneously, or one after the

other, so as to give the mass of protoplasm an irregularly
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stellate ai)pearance. By these clianges of form the amaeba

mo's^es from place to place. It may also surround by these

processes any particle of nutrient matter with which it may

come into contact, and afterwards absorb it into its substance.

Bodies exactly similar to the amseba, and therefore called

amcehoid, exist in the body, as, for example, the colourless

corpuscles of the blood and connective tissue corpuscles.

Protoplasm may also exist in the interior of vegetable and

animal cells. Thus its movements may be watched in the

hairs of Tradescantia, and of Urtica, the common nettle, and

in the cells of Chara and Vallisneria. These movements,

which are usually in a determinate direction in the interior

of the cell, constitute what is termed cyclosis. The existence

of protoplasm may also be demonstrated in many animal

cells, such as in the cartilage cell, in the pigment cell of the

frog's skin, in the ovum, and in the bodies of many cellular

infusoria.

The jelly-like matter which forms the organic basis of pro-

toplasm is nitrogenous, and is probably of an albumin-

ous nature, while the granules consist of fats or starch.

The identity of protoplasm in animal and vegetable cells

has been assumed but has never been proved. Proto-

plasm is permeable by water. The molecular changes oc-

curring in it are very active. It assimilates and excretes

and it absorbs oxygen and eliminates carbonic acid. So

far as our present methods of research carry us, the libera-

tion of energy in protoplasm occurs under the form of move-

ment. This movement presents itself under two aspects : (1)

a kind of liquefaction, as it has been called, which produces

the optical appearance of a current in the mass ; and (2) a

change of form which, in some cases, produces a movement

of progression. In certain masses of protojDlasni there exist

small cavities filled with water, called vacuoles, the walls of

v/hich frequently show rhythmical contraction.
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2. The Cell.

This structure has already been generally described, but

attention must now be more particularly directed to its

different parts.

1. TJie Cell Wall.—In very young cells there is frequently

no cell wall, but as age advances the external layer of proto-

plasm is differentiated into a more or less resistent membrane,

which is homogeneous, amorphous, and transparent. Some-

times it possesses a certain amount of elasticity so as to mould

itself upon the surface, wlien the included protoplasm changes

its form, but at other times it is stiff and rigid. It is perme-

able by water and by aqueous solutions of acids, bases, and

salts, but it will not permit the passage of oils and fatty sub-

stances. Its chemical constitution is not the same in the

animal and vegetable kingdom. In plants it is formed of

cellulose, a non-nitrogenous substance; but in animals it is

always nitrogenous. It contributes only to the life of the

cell by its physical property of permitting the passage of

fluid by osmosis, but it is not connected in any other way

with the vital phenomena of the cell. Occasionally it may
become hard and impermeable by the deposit in it of calcare-

ous salts and of silica.

2. The Cell Contents.—This, which is the essential portion

of the cell, has been already studied in treating of protoplasm.

The cell may also contain fluids and certain matters peculiar

to it, such as fat, pigment, or chlorophyll,

3. The j^ucleus is a small body situated usually in the

centre, more rarely in the periphery, of the cell. It has been

supposed to be of the nature of mucine, but this is Yevj'

doubtful. It is not always present, and multiplication of

the cell contents may take place without its presence, but in

vegetable cells the nucleus always precedes the formation of

the cell.
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4. General Characters of Cells.—The size of animal cells

varies from y o^q o ^^ o ^o ^^ ^^^ inch, in diameter. The ovum

is tlie largest known cell, and is visible to the naked eye.

While the typical form is spherical, the cell may be ovoid, fusi-

form, cylindrical, polyhedral, or flattened. The form would

appear to depend largely on the amount and direction of the

pressure to which the cell is subjected. The most important

physical character of the active cell is its permeability to

fluids. If cells are placed in distilled water, they swell out

by imbibition ; on the other hand, if placed in a fluid of

greater specific gravity than that of their contents, they may
shrivel and become irregular in form by the passage of a

portion of their contents into the surrounding fluid.

5. Nutrition of the, Cell.—The nutritional changes of the

cell consist of assimilation and disassimilation. By assimila-

tion the cell receives from the medium which surrounds it

certain materials which it converts into its own proper

substance, or which it may utilize in various ways. There

appear to be two phases of the assimilative process— (1) one

in which the cell transforms the matter which it receives,

and the other (2) in which the substances transformed

become an integral part of the cell. The first phase is well

marked in the life of the vegetable cell, bnt is not so distinct

in the animal cell, which in a manner lives upon materials

previously formed by the plant; the second phase, on the

contrary, exists to an equal extent both in the animal and

vegetable cell. The assimilating power of the living portion

of the cell has received the name of metaholisis, while the

chemical changes by which matters taken up by the cell

may be converted into other matters is called metastasis.

Thus a cell may, by metabolic processes, convert dead matter

into living matter like itself, or it may, by metastatic pro-

cesses, convert dead matter into another form. (See Sach's

Botany, p. 626.) The disassimilative processes occur-
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ring in the living cell consist of an oxidation of the

substance of tlie cell itself, or of materials in contact

with the cell, a chemical change which leads to the mani-

festation of energy. Disassimilative processes constitute

a marked feature in the life of animal cells. Certain

cells have the proj)erty of separating or forming a special

kind of material. Thus some cells form fatty matter,

others pigment, and a third, one or other of the substances

existing in bile. This power has been termed elective affinity,

a phrase which is only another mode of expressing the fact.

Certain materials are separated from cells by a process which

may be termed cellular excretion, and other cells may store

up certain materials in their interior, a process called cellular

secretion.

6. Irritability of Cells.—By this term we mean the aptitude

which a cell has of responding to a determinate stimulus,

and which is an important condition of vital phenomena.

The stimulus may be mechanical, chemical, physical, or

vital, by the latter term meaning such an excitation as may
be conveyed by the nervous system. The same kind of

stimulus may produce diiferent results, varying according to

the nature of the cell. Thus the response to a stimulus of a

muscular cell is contraction ; to a glandular cell, secretion

;

to an epiihelial or connective tissue cell, cell multiplication

;

and to a nerve cell, some kind of activity resulting in sensa-

tion, perception, volition, or one or other of the stages of

intellectual acts. It may be laid down as an axiom that

no activity in a cell ever occurs without an antecedent

stimulus.

Each cell is to a certain extent independent of the other

and of the organism. It possesses a life of its own which may
exist for a time even after the death of the organism as a

whole, and on the other hand it may be said that the life of

the organism is the sum of the lives of its component cells.
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7. Cell Movements.—Cells manifest certain movements

wliicli may be conveniently divided into two groups :

—

(«) Tntra-cellidaT Jlovemenfs, wliich. are seen in the proto-

plasm of Tradescantia, already referred to, in tlie molecular

movements of tlie salivary cell, and in the movements in

pigment cells first observed by Joseph Lister.

(b) Jlovemeuts of the luJiole Cell.—-Of these there are four

kinds : (1) amoeboid movements, as in the colourless cor-

puscles of the blood
; (2) contractile movements affecting the

whole cell, as in muscular fibre
; (3) vibratile movements of

a portion of the cell, as seen in cilia; and (4) the movements

of locomotion, in which the cell is moved as a whole, seen in

the migratory cells of connective tissue and in spermatozoids.

8. Genesis of Cells.—Great discussions have taken place

amongst physiologists as to the possibility of the formation

of cells in an amorphous matter in which no cells existed.

The majority adopt the doctrine briefly enunciated by

Yirchow

—

Omnes cellula a cellula, which is a parody of the

more famous biological dictum of Harvey

—

Omne viviim ex

oi'O. AYithout denying the possibility of free cell formation

in certain circumstances, it may be safely asserted that the

development of cell from cell is now the more common
process. Cells may multiply in the following manner :

—

(a) Endogenous Cell Foi^mation.—This method is only pre-

sented in cells having a cell wall. The nucleus and the pro-

toplasm divide into two distinct masses, each of which may
afterwards become a distinct cell. The nucleus becomes con-

stricted, and by degrees may be divided into two or more por-

tions. The protoplasm then divides in a siuiilar manner, and

there may result 2, 4, 8, 16, &c., cells, in each of which there

is at least one nucleus. Such a process is termed segmenta-

tion, and may be seen in the early stages of the development

of the embryo. The cell wall may persist and increase in

capacity so as to contain a number of cells, but a time
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arrives when the cell wall ceases to grow, ruptures, and sets

free the new cells.

(h) Fissi2ja7'ous Cell Foi'mation or Fision.—This is also a

process of segmentation which, however, includes the cell wall

(if it exist) as well as the protoplasm. Thus, two or more cells

may be formed by division of the body of the parent cell.

(c) Gemmiparous Cell Formation or Budding.—In this

mode, at certain points in the generating cell, minute pro-

cesses or buds make their appearance, which, increasing in

size, may become nearly as large as the parent cell, and may
be united with it only by a pedicle. The pedicle gives way,

and the new cell begins an independent existence. This

mode of cell formation may be well studied in the develop-

ment of the yeast-plant, and is quite common amongst the

lower o]-ganisms. It has less frequently been met with in

the tissues of the higher animals.

9. Evolution of Cells.—Each cell may be regarded as an

organism which has a determinate period of existence. The

duration of life is very variable. Some, such as epithelial

cells, may pass through existence in from twelve to twenty-

four hours ; those of the mammary gland may have a more

transitory existence ; whilst such cells as those of cartilage

probably exist during the life-time of the individual. Cells

die in various w^ays. They may be mechanically removed

from the superficial surfaces, as is the case with epidermic

cells ; or they may undei'go chemical transformations of such

a nature as to be inconsistent with the vitality of the cell.

For instance, as frequently ha])pens in pathological condi-

tions, the cell may become infiltrated with calcareous^

fatty, or amyloid matter. Sometimes, also, cells may break'

down, molecule by molecule, undergo liquefaction, and be

absorbed.

Consult ScHLEiDEN: Beitrage sur Phytogenesis (Archiv. flir Anat.

1838). Schwann : Mikr. Untersiichurigen, &c,, 1838. For an ac-
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count of the views of Schleiden and Schwann, see Brit, and For.

Med. Rev., vol. IX., and their works translated by the Sydenham
Society. Article on the General Characters of Cells, Stricker's

Human and Comparative Histology, vol. I. M. Schultze: Das
Protoplasma, 1863. W. Kuhne: Untersuch. tlber das Protoplasma,

1864. Goodsir's Anatomical and Pathological Observations, Ch.

Robin : Anatomie et Physiologic Cellulaires, 1873. R. Virchow^'s

Cellular Pathology, translated by Chance. Bennett's Text-book

of Physiology, pp. 50-60. Beale : On the Structure of the Simple

Tissues, London, 1861; Protoplasm, London, 1870. Quain's Anatomy,

8th ed., vol. II., p. 8 ei seq. Consult, also, as to Molecular Move-

ments, Rainey, On the Mode of Formation of Shells of Animals,

of Bone, and of several other structures, by a process of molecular

coalescence, &c., 1858. Lister: On the Cutaneous Pigmentary

System of the Frog, Phil. Trans., 1858. Montgomery : On the

Formation of So-called Cells, by Protagon, &c., 1867.

II.—THE CONNECTIVE TISSUES.

By this term is understood a group of tissues consisting

of cells lying in or amongst an amorphous or fibrillary inter-

cellular matter. Although, in the fully-developed condition,

many of the tissues composing this group are very unlike

each other, in the embryonic state they all consist of

cells. It is not the object of this work to enter into histo-

logical details, and it will be sufficient to give here a

classification of the different forms of connective tissues,

and afterwards to describe their chemical, physical, and

vital characters.

1. Classification of Connective Tissues.

1. Proper Connective Tissues—
a. Mucous tissue, as in the vitreous humour.

6. Adenoid or reticulated tissue, as existing in lym-

phatic glands.
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c. White fibrous tissue, as existing in tendons, apo-

neurosies, and cellular tissue.

d. Adipose tissue, as in fat.

2. Yellow Elastic Tissue, as seen in ligamentum nuclise,

and in blood vessels.

3. Cartilaginous Tissue—
a. Hyaline cartilage, as seen on articular surfaces.

h. White fibro-cartilage, as in intervertebral discs.

c. Yellow fibro-cartilage, as in epiglottis.

4. Osseous Tissue—
a. Bone.

h. Dentine of tooth.

2. Chemistry of Connective Tissues.

When ordinary connective tissue is submitted to prolonged

boiling, it yields gelatine of which it principally consists.

In addition, it contains a small quantity of albuminoid

matter, salts, and fat. Adipose tissue, as the name implies,

is formed chiefly of fat. Adenoid or embryonic tissue, and

the vitreous humour, do not contain gelatine, but a sub-

stance analogous to mucine. Elastic tissue consists almost

entirely of elastine. The chemical composition of cartilage

and of bone will be given in describing these substances.

3. Physical Properties of Connective Tissues.

1. Specific Weight or Density.—This varies within wide

limits, of which the extremes are adipose tissue and bone.

The lightness of adipose tissue, which is largely employed in

the body as a protective substance for delicate organs, is of

importance as it diminishes the total weight of the body,

and, consequently, the muscular force required to move it.

2. Consistence.—This varies from a difiluent or semifluid
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state as in the vitreous humour, to considerable hardness as

in bone. The consistence depends upon the amount of

water contained in the substance. Thus, the vitreous

humour contains about ninety-eight, and bone about three

per cent. , of water.

3. Cohesion.—This depends upon the adhesion of the

molecules forming the tissue, or the union side by side of

the. fibres composing it. The amount and direction of the

cohesion may be indicated by the manner in which the tissue

yields to force. Thus, costal cartilage will break more easily

in the transverse than in the longitudinal direction, while in

such structures as tendon it is more easy to separate the

fibres from each other than to break them across. The

forces which act upon connective tissues, and which are

resisted by their cohesion, are traction or pulling, pressure,

and flexion, and torsion. Bone and tendon present great

resistance to traction. Thus the tendon of the plantaris

muscle of man will support a weight of about fifteen kilo-

grammes without breaking. By resistance to traction the

tendons and ligaments accomplish a certain amount of me-

chanical work; sometimes the membranes formed by the con-

nective tissues afibrd support to groups of muscles, or assist

in giving strength to the walls of cavities. Resistance to

pressure is well marked in the flat bones, in the interver-

tebral discs, and in the cartilage covering articular surfaces.

It thus assists in the maintenance of posture, and in walking.

Besistances to pressure and torsion are only exerted in

certain circumstances. For example, when the hand sup-

ports a heavy weight, the arm being horizontal, the bone

tends to become bent; in inspiration, the costal cartilages

and ribs undergo torsion, which ceases during expiration,

when the cartilages and bones return to their previous con-

dition. The connective tissues also give cohesion to the
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4. Elasticity.—This property includes (1) the change of

form of an elastic body under the action of some force ; and

(2) the return of the body to its original form when this

force ceases to act. Elasticity may be perfect or imperfect,

and it may be great or small. Lead is Tery elastic, but its

elasticity is imperfect ; indiarubber, on the contrary, is feebly

but perfectly elastic. The elasticity of a body may be

measured by tJie weight necessary to effect the change of

form. The connective tissues may be divided, with refer-

ence to their elasticity, into two groups—(1) Yellow elastic

tissue, which is feebly but perfectly elastic, that is, it changes

its form under the influence of a feeble force, and returns

exactly to its original form
; (2) The second group includes

connective tissue properly so-called, namely, tendons and

ligaments, which are highly but imperfectly elastic—that

is, they change form only under the action of powerful

forces, and do not return completely to their original state.

The elasticity of connective tissues plays a ver}^ important

part in the bod}^— (1) It is a permanent force which resists

other permanent forces, such as gravity or muscular action.

Thus the elasticity of the intervertebral discs, and of the

ligamenta suh flava, assists in maintaining the erect position

of the vertebral column, and in expiration the elasticity of

the costal cartilages and of the ribs restores the original

form of the thorax when the inspiratory muscles have ceased

to act. (2) Elasticity transforms an intermittent into a con-

tinuous movement : thus, the elasticity of the arterial walls

converts the intermittent flow of the blood in the arteries

into a continuous current.^

The endosmotic properties of the connective tissues will be

described in treating of the influence of endosmosis on the

nutrition of all the tissues.

1 j^ s to influence of elasticity of muscle, see p. 99.

I
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4. Vital Properties of Connective Tissues.

1. Nutrition.—The nutrition of connective tissues is usu-

ally feeble, except during the process of growth. Some

varieties are richly supplied with vessels, as, for example,

white fibrous tissue, while others, such as the vitreous

humour and cartilage, are non-vascular. The latter are

nourished by imbibition j the fluid part of the blood, destined

for nutrition, permeating their substance, and supplying

the materials necessary for repair. The waste products are

i-emoved chiefly by the radicals of the lymphatic system.

2. Sensibility.—This is usually feeble. The marrow and

periosteum of bone contain numerous nervous filaments,

which occasionally manifest extreme sensibility, as during

the process of inflammation.

Regarding the Histology of the tissues, consult Quain's Anatomy,

vol. II., by Sharpey and Schafee, p. 52 ; and Erey's Histology,

p. 164. And as to Physical Properties, consult Beaunis' Physiologie,

p. 224. Wundt's Physiologie, p. 38. W. AVeber : Ueber die Elas-

ticitat fester Korper (Poggendorf's Annalen, 1841). Ed. Weber :

Muskelbewegungen in Wagner's Handworterbuch d. Physiologie,

III. , 2nd part. Wertheim : Mem. sur I'Elasticite et la Cohesion des

Principaux Tissues du Corps Humain (Annales de Chim. et de Phys.

,

1847). WuNDT : Ueber die Elasticitat feuchter Organischen Gewebe
(MuUer's Archiv., 1857); Physique Medicale, p. 69.

III.—EPITHELIUM.

Epithelium consists of one or more layers of actively-

growing cells on one surface of a homogeneous membrane

:

numerous bloodvessels ramify on the other surface. The

term endothelium has been recently applied to the lining

membrane of the shut cavities of the body, such as the

pleura, peritoneum, &c.; but as its etymological meaning

is quite inaccurate it is better to abandon its use. Epithelial
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cells may be either spherical, irregularly cylindrical, poly-

hedral, or flattened in form. They may exist in one or more

layers, and they appear to be cemented together by some

kind of intermediate substance. When the cells are

flattened, irregular in form, and exist in a single layer,

as in the pleura and peritoneum, the intermediate substance

is demonstrable by the action of certain re-agents, especially

a solution of nitrate of silver, which, when applied in

certain conditions, blackens the intercellular matter. The

following varieties of epithelium are met with in the

body :

—

1. Simple, flat, squamous, or tesselated epithelium., in which

there is scarcely more than a single layer of developed cells,

such as is observed on the internal surfaces of the serous and

synovial membranes, and on those of the heart, bloodvessels,

and absorbent vessels. This is the variety incorrectly

termed endothelium as above explained.

2. Laminar or stratified epithelium, consisting of a num-

ber of flattened cells, usually in various stages of alteration,

such as exist in the epidermis and on the mucous mem-

branes near the entrance of the alimentary and genito-

urinary passages. Nails, hair, and horns are modifications

of this texture.

3. Columnar or prismatic epitheliu7n, consisting of a

single layer of elongated nucleated cells ; below these, how-

ever, are in general seen others of a more spherical shape,

which are, in fact, the columnar particles in an earlier stage

of growth. Such is the structure lining the whole alimen-

tary canal, from the cardia downwards, and also part of the

ducts of secreting glands.

4. Spheroidal epithelium may be regarded almost as be-

longing to the last mentioned form ; it constitutes, in some

places, a transition form between the columnar and tesselated

varieties ; it is best seen in the urethra, ureters, and pelvis
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of the kidney, and also in tlie ducts of the mamma, and of

the cutaneous and some other glands.

5. Ciliated epithelium is generally of the columnar form,

and consists of nucleated cells, upon the free surface or

ends of which minute microscopic hair-like projections or

cilia are placed, which, when covered with fluid, move with

great rapidity. This kind of epithelium lines all the air

passages, and the cavities and passages communicating with

them, such as the nasal ducts, the conjunctiva of the eye-lids,

the sinuses opening into the nasal passages, the Eustachian

tube and tympanum, part of the soft palate and pharynx
;

also the uterus and Fallopian tubes, and the ventricles of the

brain.

Each of these forms of epithelium has a special function.

Tesselated epithelium covers an extensive surface for pro-

tective or absorptive purposes ; columnar epithelium has

numerous cellular elements on a surface of limited extent, so

as to permit great nutritive vitality ; stratified epithelium,

from the abundance of cells, admits of the rapid growth and

shedding of these for functional purposes ; and ciliated epi-

thelium maintains vibratile movement.

Epithelium forms a continuous layer over the surface of

the body, and lines all the internal passages and cavities.

This fact isi of physiological importance, inasmuch as it

indicates that all substances entering or leaving the body

must, in some way or other, pass through an epithelial

layer.

1. Physical Properties of Epithelium.

"Where epithelium is exposed to pressure and other exter-

nal influences, it becomes more or less hard and firm, as may

be seen in the nails, in the epidermis covering the palms of

the hands and soles of the feet, in " corns," and in the

callosities which appear on the hands of those performing
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much manual labour. The columnar epithelium of the

intestinal canal is, on the contrary, soft and easily detached.

The cohesion of epithelium is usually feeble, but such

structures as the epidermis may sustain considerable disten-

sion without rupture, as may be seen over large abdominal

tumours. Elasticity is very imperfect. An epithelial layer

is a bad conductor of heat and electricity. The hairy cover-

ing of many species of animals, and the feathery covering of

birds, by diminishing the amount of heat lost by radiation

from the surface, assist in maintaining the temperature of

the body. Epidermis absorbs water with great rapidity,

except where it is covered by a thin layer of oily matter.

The osmotic properties of epithelium will be referred to in

treating of osmosis in general.

2. Vital Properties of Epithelium.

The nutrition of an epithelial layer depends upon the

transudation of nutrient fluid from the bloodvessels under-

neath the layer of cells. It is usually very active, except

perhaps in stratified epithelium. Most epithelial cells are

constantly engaged in tlie formation of particular proximate

principles. This is especially true of spheroidal epithelium,

in the cells of which various substances, such as ptyaline,

pepsine, &c., are formed. In some epithelial cells chemical

transformations apparently take place. Thus, the superficial

layers of the epidermis undergo changes which so alter the

cells as to render them insusceptible of the action of acetic

acid, while, in the deeper cells of the same layer, pigment may
be formed. The exact mode of development of epithelial

cells is still unknown, but there appears to be an incessant

development of new cells from the surface of the membrane

on which the deeper layer is situated. The new cells grad-

ually pass outwards, and on reaching the superficial layer,
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last for a certain time and then drop off. This process of

desquammation, as ah'eady stated, is preceded by chemical

transformation. There is thus a constant elimination from

the body of the materials which form epithelial cells.

Epithelial tissue is not sensitive, but in the structure of

the terminal organs of sense epithelial cells may be modified

for special purposes, as will be illustrated in treating of these

organs.

3. Influence of Epithelium in Absorption and

ElIxMINATION.

The function of epithelium in the process of absorption, or

the introduction of matter from the external medium into the

fluids or tissues of the body, may be briefly stated as

follows :

—

1. Absorption of Gases and Volatile Substances.—The pul-

monary surface in the ultimate air cells of the lung, which is

covered by a thin layer of flattened epithelial cells, absorbs

oxygen and volatile matters. The surface of the skin, and

perhaps also the intestinal mucous surface, absorb small

quantities of gases.

2. Absor^Hion of Fluids and Soluble Substances.—All

epithelial surfaces may absorb water, or solutions of salts oi-

other substances, but there are great differences in this re-

spect. Thus, the pulmonary mucous membrane absorbs

water freely; the epithelial lining of the bladder scarcely

absorbs it at all ; while the intestinal mucous membrane per-

mits readily the passage of water and of soluble matters. In

certain circumstances, also, the epidermis covering the shin

may permit the absori)tion of water.

3. Absorjjtionof Fat.—The cylindrical or columnar epithel-

ium of the lining of the small intestine absorbs fa,t by a pro-

cess the mechanism of which v/ill be described in treating of

absorption.
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4. Influence of Epithelium in Elimination.—Tlie elimina-

tion of matters from the body may take place either by exhala-

tion of watery vapour, of various gases, or of volatile

substances, from epithelial surfaces, or by a true process of

secretion, in which the spheroidal epithelial cells lining the

ultimate pouches of glands constitute the active agents.

Details regarding these processes will be given in treating of

the functions of respiration and of secretion. In the mean-

time it is sufficient to state that the process of secretion is a

distinct mode of activity of glandular epithelium.

4. Ciliated Epithelium and its Yibeatory Motion.

Epithelial cells, on which cilia are placed, are generally

of the columnar, sometimes of the spheroidal, rarely of the

flat kind. These bodies constitute minute hair-like processes,

attached to, or forming a prolongation of, the wall of the cell

at its free side, and when covered with fluid, are in constant

vibratory motion.

Ciliated epithelial cells do not differ materially from other

cells of the same form, excepting in the possession of the cilia;

they usually contain distinct nuclei ; and they appear to be

abraded from the surfaces on which they are situated, and to

be replaced by successive layers of new cells, formed from

the subjacent texture, and subsequently acquiring the ciliated

structure when they reach the surface.

The number of cilia attached to each cell is subject to

considerable variety. In some instances, only one or two,

in others, a crown or circle of numerous cilia occupy the free

surface of the cells.

The individual cilia are, in the human subject, generally

from
3 oVo ^o 6 oVo ^^ ^^ vaGh in length ; in invertebrata,

they are often considerably longer. They are also propor-

tionately thicker and blunter in vertebrate than in inverte-

brate animals.
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Ciliated epithelium occurs in the human body in the

following situations :— 1st, on the mucous membrane of the

air-passages, and the various sinuses and tubes communi-

cating immediately with them—as in the nares (excepting

close to their external openings)
;
part of the soft palate,

upper and lateral part of the pharynx, Eustachian tube,

frontal, maxillary, sphenoidal, and ethmoidal sinuses

;

on the conjunctiva palpebrarum, lachrymal sacs and nasal

ducts; on the mucous lining of the larynx, trachea, and

bronchia, as far as their fine subdivisions, but not extending

into the air-cells of the lungs : 2nd, in the adult female, the

epithelium is ciliated in the lining membrane of the uterus.

Fallopian tubes, and their fimbriated margins : and, 3rd, in

the membrane lining the ventricles of the brain, the cells

have been observed to be of a ciliated kind.

The movement of each cilium is most commonly of a

folding or lashing kind. That of the whole set of cilia,

covering a membranous surface, shows the passage of suc-

cessive waves, somewhat in the same manner as difierent

parts of the crop in a field of wheat are repeatedly bent in

succession by the wind passing over it. When the ciliary

motion is active, the movement is so rapid that the optical

efi'ect is the appearance of a stream of fluid flowing along the

surface. This is the case especially when we look at a

marginal line of cilia, as in the gills of a common mussel.

Four varieties of ciliary motion may be noticed :—(1) the

hook-liJce, in which each cilium makes the movement of a

finger which is alternately bent and extended
) (2) the

funnel-shaped, in which the upper portion of the hair des-

cribes a circle in swinging, and the whole a cone, whose apex

is formed by the firmly attached base of the cilium
; (3) the

oscillating, in which the whole hair sways more like a pen-

dulum, from side to side ; and (4) the undulating, when
the hair executes a movement like the lash of a whip
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moderately wielded, or the tail of a spermatozoon. Of all

these forms of ciliary motion, the first appears to be by far

the most frequent. (Frey).

Ciliary movement is independent, so far as mere move-

ment is concerned, of the circulatory and nervous systems
;

although, no doubt, its nutrition must be affected by these.

Elevation of temperature up to about 40"^ C. increases the

movement, when it ceases, probably from coagulation of the

protoplasm in the cilia. Cold retards the movement. All

substances having a chemical action on protoplasm, if ap-

plied in solutions of sufficient strength, stop ciliary action.

Thus, water accelerates the movement at first, but soon stops

it, probably by acting on the protoplasm. As a rule, fresh

water stops ciliary motion in parts removed from inhabitants

of salt water. Bile, acids, alkalies, and alcohol, if of sufficient

strength, stop ciliary action ; but, if in weak solutions, they

may accelerate the movement. Ciliary movement requires

the presence of oxygen, while the presence of carbonic acid

seems bo have a retarding influence. Cilia may be arrested

by the action of cliloroform or ether, and it is interesting

to observe that they may recover from the influence of these

substances. Electricity, whether applied as a continuous

current, or from an induction coil, produces no apprecicible

effect.

Ciliary movement continues for a short time in small

detached portions of the texture, and for a longer period in

the entire part, after the destruction of the brain and spinal

marrow, or after the first invasion of apparent death. The

time of this persistence varies from a few hours to several

days, in man and warm-blooded animals, and is even con-

siderably longer in cold-blooded reptiles ; it is much in-

fluenced by temperature, the nature of the fluids in contact

with the texture, and other circumstances.

Various theories have been advanced to explain the action
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of cilia. Tims it has been supposed that each cilium is

moved by two minute muscles inserted into its base (Ehren-

berg); that it consists of a double spiral, which is continually-

winding and unwinding itself (Barry) ; that it is owing to

imbibition of nutrient fluids (Beale) ; and that it is due to

two contractile motions of unequal length—upon a longer

one, produced by the contractility of the protoplasm, and a

shorter one, caused by elasticity (Engelmann). It is most

probable that it depends upon a phase of contractility in

the individual cilium not yet understood.

Consult Quatn's Anatomy, p. 46. Frey's Histology, p. 137.

Ch. Eobin: Des Elements Anatomiques et des EpitheHums, 1867.

E. Cabade: Essai sur la Pliysiologie des Epitheliums, 1867. L.

Eanvier : Art. Epithelium du Nouveau Diet, de Med. et de Chir.

pratiques, t. XIII. As to ciliary motion, see article "Cilia," by

Sharpey, in Cyclop, of Anat. and Phys.; in Quain; and Frey's

Histology, p. 158.

IV.—THE CONTRACTILE TISSUES.

The phenomenon of contractility is exhibited by various

cells, such as the colourless corpuscles of the blood, connec-

tive tissue corpuscles, the corpuscles of lymph, and the cor-

puscles of pus. These ameboid cells, when examined with

suiSciently high power, manifest a slow circulation of the

gi'anules lying in the protoplasm, and also slow changes of

form, such as have been already described in treating of

that substance. They have been seen to take up into their

substance small particles of pigment, such as carmine, indigo,

and aniline, and even globules of milk, in the same manner

as the actions of an amseba from a road-side pool. It has

also recently been discovered that, by ama3boid movements,

contractile bodies may wander through the interstices of the

tissues, a phenomenon termed the migration of cells, which

is now- regarded as important in such pathological processes



78 HISTOLOGICAL PHYSIOLOGY.

as inflammation. The principal facts relating to the func-

tions of such structures will be described under the head of

animal movement, blood, and lymph. Here we shall discuss

the properties of muscular fibre, which is the chief contrac-

tile tissue of the body.

There are two varieties of muscular tissue, namely, (1) The

voluntary; and (2) The involuntary. The first of these con-

sists of fibres, which always present the structural character

of being marked with fine close cross-lines, or they are striated;

in the second, for the most part, this appearance is wanting,

or they constitute the non-striated form of muscular fibre.

Some involuntary muscular fibres, however, as those forming

the heart, part of the gullet, &c., being striated, are excep-

tions to this general statement.

a.-striated muscular fibre.

1. Structure of Striated or Yoluntary Muscular Fibre.

In any of the muscles of the limbs, or trunk of the body,

the structure is somewhat complex. The muscular substance

forms an elongated mass composed of bundles of fibres, the

individual fibres and associated bundles being united

together by layers of white fibrous tissue. The ends of the

muscle are in general fixed to the places of their attachment

by tendons, which in some cover, and in others mix with, the

muscular bundles to a greater or less degree, and the whole

is permeated by bloodvessels, lymphatics, nerves, fat, &c.

The fasciculi, or larger bundles visible to the naked eye,

run parallel to each other in a voluntary muscle, and in

each fasciculus the fibres run for a distance of IJ inch.'

In some muscles the direction of the bundles corresponds

with the length of the whole muscle, or the line between

its opiDosite attachments ; but this is not always the

case, for the fasciculi and fibres not unfrequently run obli-



STRUCTURE OF MUSCLE. 79

quely across the muscle, either in a single or a double series,

as in the penniform or semi-penniform mode of arrangement.

The fasciculi are of very various sizes, and the larger may be

divided into smaller ones.

Each fasciculus may be separated into fibres of a deter-

minate size, either by minute dissection, or by means of

prolonged boiling, or by immersion for a time in weak acids,

which dissolves the uniting connective texture without

breaking up the muscular fibres. These fibres vary some-

what in size ; the average may be stated at about -j-Jq of an

inch in breadth, or ^1^^ in the adult male, and -^l-^ in the

female. When united in fasciculi, they are of a prismatic

shape in consequence of mutual compression. Each fibre

is enclosed in a delicate homogeneous sheath named the

sarcolemma, and by careful teasing with sharp needles, the

fibre may be split up into fine longitudinal fihrillce. The

fibrill^e are composed of a semi-fluid matter, uniting a series

of disc-shaped particles, known as sarcous elements. The

separation of a muscular fibre into fibril Ise may sometimes

be seen on breaking up the extremity of a fresh fibre by

compression, and occasionally also by spontaneous separation

in muscular fibre that has been preserved in chromic acid

solutions or in weak alcohol. In other instances, muscular

fibre that has been preserved shows a disposition to break in

a different manner into transverse discs, the thickness of

which corresponds with the distance between the transverse

stripe and the sarcous particles ; each disc consisting of

the adjoining sarcous particles laterally united. The sar-

colemma also, occasionally, becomes more obvious by the

breaking up of the sarcous matter within it into distinct

portions, between Avhich the folded and contracted tube of

sarcolemma may be perceived j and it is also sometimes seen

raised from the sides of the sarcous mass by the imbibition

of the water in which it may have been subjected to
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examination. Oval or flattened nuclei are frequently seen

on the inner surface of the sarcolemma in mammalia, and

dispersed through the thickness of the muscular fibres in

the muscles of frogs, when their substance has been rendered

ti-ansparent by the action of dilute acetic acid.

Recent researches made with high powers have shown that

the structure of a muscular fibril is still more complex, the

minute details of which may be found in histological text-

books. Here it is sufficient to state that a muscular fibre

consists (1) of a substance which forms the sarcous elements,

highl}" refracting, and black when seen by transmitted light

;

and (2) of an intermediate or fundamental substance, which

is much less refractive, and is clear by transmitted light.

When examined with a Nicol's prism, the sarcous elements

are found to be anisotropic or doubly refractive, while the

substance which imites the contiguous discs is isotT02np, that

is, singly refractive, and according to Engelmann, contractilit}^

is manifested exclusively in the anisotropic portion. Each

sarcous element behaves as a doubly refractive body having

only one positive axis,-^ of which the optical axis is parallel

to the long axis of the muscle. As they change their form

during contraction, becoming shorter and thicker, they cannot

be regarded simply as double refractive bodies, like crystals,

but, as suggested by Briicke, they must consist of a great

number of small doubly refractive particles, to which he has

1 A body having its molecules uniformlj'- arranged in all directions

affects light only by simple refraction, that is, the incident ray gives

rise to one refracted ray, and the crystal possesses one refractive

index. When, on the other hand, the molecular structure of a body

possesses parts of different density in certain directions, it manifests

double refraction, that is, a ray of light traversing it is divided into

two rays, one of which is bent more out of its course than the other.

Common glass is simply refractive, and is said to be isotropic; but if

it be compressed in one direction, it may become doubly refractive

or anisotropic.
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given the name of disdiadasts, and which he supposes are

irregularly distributed through the fundamental substance.

The latter, which may be termed muscle-plasma, is a viscous

liquid ca23able. of absorbing water freely, while the disdia-

dasts are more dense and are less capable of taking up

water. As has been remarked by Schafer, Briicke himself

pointed out that in living muscle at rest the whole of the

muscular substance appears doubly refracting, and that it

is only in contraction the alternate stripes appear singly

refracting.—(Briicke's Physiologic, ^. 465.)

The bloodvessels and nerves ramify in the connective tissue,

which fills up the spaces between the larger and smaller

fasciculi. The smallest bloodvessels form a fine network of

long shaped meshes between the fibres, but not extending

within the sarcolemma.

The connection of muscular with nervous fibres may be of

the following nature : (1) According to Ktihne, the nerve

filaments perforate the sarcolemma, and terminate in the

interior of the fibre in a finely granular mass of matter,

which may be called an end-plate. (2) Beale, Kolliker,

Krause, and others have, on the other hand, described the

nerve fibres as terminating in a 'plexus distributed on the

external surface of the sarcolemma. According to these

authorities, the ultimate nerve fibrils never penetrate the

muscular fibre. This point still requires further investiga-

tion, but the evidence is in favour of the view that the

ultimate nervous filaments end in plates, which, whether

they are situated within, or outside the sarcolemma, may be

regarded as the motor terminal organs.

The voluntary muscles are striated in all the vertebrate

and articulate animals, they are partially so in several classes

of echinoderms, but generally not striated in mollusca. The

size of the entire fibres does not appear to be proportional

to that of the sarcous particles as measured by the distance

F
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between the transverse striae. The fibres are of the smallest

size, and consequently the bloodvessels are most finely dis-

tributed in those animals in which the contractility is

The following table gives certain measurements of muscular

fibres in fractions of an inch :- {Allen Thomson.)

Muscle
OF

Diameter of Fibres.
Distance of

Transverse

Stri^.
Greatest. Least. Average.

Birds, •riu ---- -^- lOiOTT

T0900 .

115 0-

TTTTTO

9600

Mammalia,

Man,

Reptiles,

Fishes, ,1 ^K i ^1^

Insects, ToT) ih. tIt

Regarding the structure of muscular fibre, see Quain's Anatomy,

p. 108; Schafer's Practical Histology; Phil. Trans. 1873. The
Original Researches on Muscle, by Bowman, will be found in Trans.

Boy. Soc. London, 1840, and Art. Muscle in Cyclop, of Anat. and

Physiol. ; Todd and Bowman's Anat, and Phys. See also Dobie,

Annals of Natural History, Feb. 1848. Regarding the optical pro-

perties of muscle, consult Brucke, Denkschriften d. Wiener

Akademie, 1858 ; Schultze, Archiv. f. Anat. u. Physiol., 1861 ;

Hackel, ibid., 1857 ; and Schafer's Practical Histology.

2. Chemistky of Muscular Fibre.

Muscular fibi-e is composed of two parts—(1) muscle-

plasma, which may be separated by jDressure from muscle

removed from a recently-killed cold-blooded animal, as a
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neutral or slightly alkaline gelatinous fluid ; and (2) a7i

insoluble residue, consisting probably of sarcolemma, nuclei,

fat, and matters derived from the vessels, nerves, and lym-

phatics mixed with the muscular tissue. Nothing is known
regarding the chemical composition of the disdiaclasts as

distinguished from the fundamental matter of the fibre.

The muscle-plasma may be obtained by compression, at a

low temperature, of muscles deprived of blood. It is an

alkaline, colourless, or faintly yellow fluid, containing vari-

ous albuminates. When obtained pure, it speedily co-

agulates and separates into two portions

—

muscle-clot or

myosin and muscle-seruin. Coagulation is accelerated by

heat, distilled water, weak acids, ammonia, &c., and it is

retarded by cold. Myosin is an albuminous body, soluble

in common salt or weak hydrochloric acid. Acids convert it

into an allied substance named syntonine, which is not

soluble in common salt or in a solution of sulphate of

magnesia.

Muscle-serum contains the following substances :

—

(1) Albuminates, such as albuminate of potash, which is

precipitated on heating from 20'^ to 40° C, and by neutral-

izing the alkaline fluid. Ordinary albumen, such as is

found in the serum of the blood, is precipitated when the

fluid is rendered acid and heated up to 75° C.

(2) Traces of animal ferments, namely, pepsin and

ptyaline.

(3) A colouring matter, which would appear to be iden-

tical with hsemoglobine, the colouring matter of the blood.

As to its exact identity with that pigment, further research

is necessary.

(4) Various nitrogenous proximate principles, all of which

have been discovered in extract of meat—namely, creatine,

creatinine, xanthine, hypoxanthine, taurine, urea, and inosic

and uric acids.
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(5) Various non-nitrogenous iDvoximate principles, such as

para- or sarco-lactic acid,^ inosite or muscle sugar, glycogen

or animal starch, dextrine, and glucose. Small quantities of

volatile acids, such as formic, acetic, and butyric acids, have

been found. In dead muscle, or in miiscle which has been

excited to frequent contractions in short intervals of time,

lactic acid, or the variety called para- or sarco-lactic acid,

has always been found, and it has been supposed to originate

from the sugar or glycogen present in the muscle.

(6) The principal salts are the phosphates of the alkalies

and alkaline earths, chloride of potassium, and a small

quantity of chloride of sodium and of sulphates of the

alkalies.

(7) Water forms abou.t three parts of the weight of

muscle.

(8) The following gases have been separated from 100

parts of muscle :—Carbonic acid, 14 '40; nitrogen, 4*90; and

oxygen, -09—total, 19 "39. It is probable that much of the

carbonic acid may have arisen from decomposition.

1 The difference between ordinary lactic acid, as obtained from

milk or sugar, and paralactic acid, as obtained from fiesli, is most

distinctly marked in their calcium and zinc salts, the acids them-

selves being scarcely distinguishable. The calcic salt of paralactic

acid contains 2 atoms of water of crystallization, while that of

lactic acid contains 2| atoms. Again, paralactate of zinc differs from

lactate of zinc both as regards water of crystallization and solubility.

The different structure of the two acids has been thus represented

graphically :

—

CHOH
\

COOH
)

Lactic.

CH^OH

COOH
Paralactic

The empirical formula of both is CsHgOg, but from their physical

differences, no doubt the atoms or groups of atoms contained in them

are differently arranged.
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Yon Bibra gives the following rough quantitative analysis

of muscle from different species of animals in 1,000 parts :

—

Water,

Solids,

Albumen,

Gelatinous matter,

Alcoholic extract,

.

Fat,

Vessels, &c.,

Man. Ox. Bird. Fish. Frog.

745-5 776-0 717-6 797-8 804-3

255-5 224-0 282-4 202-2 195-7

19-3 19-9 26-8 23-5 18-6

20-7 19-8 12-3 19-8 24-8

37-1 30-0 41-2 34-7 34-6

23-0 — 25-3 11-1 1-0

155-4 154-3 176-8 1131 116-7

Fresh beef, on calcination, has yielded 1'46 to 1-63 per

cent, of ash,—in 100 parts of which there are 35-94: of

potassium; traces of sodium; 3 '31 of magnesium; 1-73 of

calcium; 4*86 of chlorine; "98 of iron; 34"36 of phosphoric

acid; 3 '37 of sulphuric acid; 2-07 of silicic acid; and 8-02

of carbonic acid.

Glycogen or animal starch abounds in the muscles of the

embryo and of the foetus, and the muscles of young animals

contain more water than those of animals advanced in age.

The amount of fat also increases with age.

Living muscle in a state of rest, as already mentioned, is

slightly alkaline from containing phosphate of potash,

KoHPO^. After a period of activity it becomes acid, partly

by the formation of free lactic acid from carbo-hydrates, and,

according to some authorities, partly from the presence of

the acid phosphate of soda, KH2PO4.

Consult Beaitnis' Physiologic, p. 172; Wundt's Physiologie, p.

372; KuHNE, Physiolog. Chemie,; Art. Muscular Tissue, in Watt's
Dictionary of Chemistry.
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3. Physiological Methods of studying Muscle.

Before entering upon the study of the properties of

muscle, it will assist the student to describe briefly the

methods now adopted by physiologists in investigating the

phenomena of muscular and nervous action. At the same

time he should remember that it is of far more importance

to be acquainted with the results than with the methods by

which these have been obtained ; but knowledge can only

be definite and complete where there is an intelligent

appreciation of both.

1. Measurement of Short Intervals of Time.—As many

of the phenomena of nervous and muscular actions are of

such short duration as to make it impossible to observe their

phases with the unaided senses, it is necessary to construct

apparatus for the measurement of minute intervals of time.

Accordingly, in recent years, much ingenuity has been

expended in the construction of chronographic or time-

measuring instruments, of which the following are ex-

amples :

—

a. Recording Cylinder.—This is a cylinder revolving at a

uniform rate by means of clockwork. Suppose the surface

of the cylinder to be divided by sixty lines, parallel with its

axis, at equal distances from each other, arid that the cylinder

makes one revolution in a second, the distance between two

of the lines will represent the e^th part of a second, and

any phenomenon recorded on the moving cylinder between

the two lines must have happened during that interval of

time. It is evident that by means of such an arrangement,

seen in Fig. 1, first suggested by Thomas Young, intervals

of time, even to the fraction of xoVo^^ of a second, may
be measured with accuracy. The principal difficulty in such

graphic measures of time is to have the cylinder revolving

at a uniform rate. This is accomplished by m^ans of regu-
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lators, of which the simplest is that of Foiicaiilt, now

attached to all revolving cylinders used for physiological

purposes. To obtain, on a revolving cylinder (the time

occupied by a revolution of which is not known), contin-

FiG. l.-r-Original chronometer devised by Thomas Young for measur-
ing minute portions of time : a, cjdinder revolving on vertical axis

;

&, weight acting as motive power; c d, small balls for regulating the
velocity of the cylinder; e, marker recording a line on cylinder. This
fig. is introduced as showing the first apparatus designed for chrono-
graphic tracings. See Young's Lectures on Natural Philosophy, Lect.
XVII., On Time-keepers, plate xv., fig. 198.

uous registration of minute intervals of time, it is neces-

sary to make use of a chronograph.

h. Chronographs.—Thomas Young was also the first to

devise the method of inscribing upon a rotating cylinder all

the vibrations of a metallic rod bearing a very light style
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or marker. "When these vibrations are isochronous, each of

the undulations traced upon the cylinder corresponds to a

regular interval of time. Duhamel was the first to aj^ply to

one of the limbs of a tuning-fork a small marker, which

traces with great regularity the vibrations of the tuning-

fork, and in this way, if the surface receiving the tracing

be moving with sufiicient rapidity, intervals of the -5^0"^^^

of a second, or less, may be readily measured. An example

of tracings thus obtained is seen in Mg. 2.

Fig. 2.—Tracings of a recording' tuning-fork, ten vibrations jjer

second ; a h, cylinder moving rapidly ; c d, cjiinder moving slowly.

Marey, the distinguished professor of experimental physi-

ology in the College of France, who has done more to

advance the graphic method of recording physiological

phenomena than any man living, has devised an apparatus

which consists of a marker vibrating in unison with a

tuning-fork kept in action by interruptions of an electric

current. The apparatus, as applied to a revolving cylinder,

is seen in Fig. 3.

It consists of three distinct parts—a battery, an inter-

rupting tuning-fork, and the chronograph. This last piece

of apparatus, seen in Figs. 4 and 5, consists of a very fine

stylet fixed at the extremity of a steel plate, and armed

with a small mass of steel, somewhat wedge-shaped, which

fits in between two small keepers, h b, of the electro-

magnets, a a.

The tuning fork merely interrupts the current from the
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battery. This it does automatically. When the electro-

magnet between the limbs of the tuning fork is magnetic,

Fig. 3.—Mare.y's chronograph as appHed to revolvhig cylinder.

a, galvanic element; b, wooden stand bearing tuning-fork (200 vibra-

tions per second) ; c, electro-magnet between limbs of tuning-fork

;

d e, positions for tuning-forks of 100 and 50 vibrations per second

;

/, tuning-fork lying loose, which may be applied to d; g, revolving
cylinder ; A, electric chronograph kept in vibration synchronous with
the tuning-fork interrupter. Tlie current working the electro-magnet
from a is interrupted at i. Foucault's regulator is seen over the clock-
work of the cylinder a little to the right of g.

the limbs are, of course, approximated, and a small piece of

platinum wire affixed to one of them is removed from coii-

Fig. 4,—Side-view of Marey's chronograph, a a, coils of wire; hb,
keepers of electro-magnets; c, vibrating style fixed to the steel plate e;
d, binding screws for attachment of wires ; + from interrupting tuning-
fork; — to the battery.

tact with a platinum surface (Fig. 3, i), so as to break the

circuit. On the circuit beinff thus broken, the electro-
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magnet ceases to act, the limbs of tlie timing fork recede

from it, so as again to bring tlie platinum wire in contact

with the platinum surface, and thus again to complete the

circuit. The chronograph, as already explained, vibrates in

unison with the tuning fork. The great advantage of this

apparatus is its accuracy and facility of ready adjustment,

and it can frequently be applied where it would be extremely

difficult to bring the tuning fork into direct contact with the

movins: surface.

Fig. 5.—Perspective view of Marej''s chronograph, intended to show
the position of the vibrating style. Same description as for Fig. 4.

c. Electrical Signals.—It is often of great importance to

determine the moment of the commencement or termination

of a phenomenon. This is readily done by means of electro-

magnetic arrangements, such as is seen in Fig. 6.

The apparatus consists of two electro-magnetic bobbins,

which, the moment the current passes, attract a steel plate

placed above them, and draw down the writing stylet, so

as to make a lower horizontal line. When the current is

interrupted, the spiral spring elevates the lever, which traces

an upper horizontal line .until the current is again closed.

The current may be opened or closed by means of a pendulum,
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or a tuning fork, or by a metronome. By sncli an ar-

rangement of closing or of opening the circuit, the instant

Fig. 6.—Apparatus for writin<? electro-ma<rnetic signials upon a revol-
ving cylinder ; aa, bobbins covered witli wire ; 6, steel plate fixed in a
frame, which is pulled downwards when the iron cores of the bobbins
become magnetic ; c, steel spring, by the elasticity of which the plate
is drawn quiclcly upwards when released from the bobbins ; d, rod
bearing stylet, which is marking upon the cylinder /at e. (Marey.)

of the commencement or termination of any phenomenon

will be recorded. An example of a tracing obtained by such

an apparatus is given in Fig. 7,

J:''iG. 7.—i, Line marked by stylet ; ^, vibrations ot tuning fork—iO
vibrations per second ; 5, electric signal—the rise in the tracing of 1
indicates the interruption, and the fall the formation of the current.
CyUnder revolving with great rapidity. 3, U, and 6' show similar
tracings, with the cylinder moving slowly. (Marey).
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A small instrument similar to Marey's chronograph, and

on the same principle, has been invented by Depres, and is

of such extreme delicacy as to record electrical signals at a

rate of from 700 to 800 per second.

Fig. S.— Signals obtained by the apparatus of Depres, acted upon by
an interrupting tuning fork of oOO vibrations per second. {Marey.)

2. Instruments for recording Muscular Contraction.—By
the term myography is meant the study of muscular con-

traction by the aid of registering apparatuses. The muscle

Fig. 9.—Myograph of Heknholtz. a, forceps for holding femur of

frog'; h, gastrocnemius muscle; c, sciatic nerve; d, pan for weights;

e, stylet for recording on cylinder g ; /, counterpoise by moving
which the weight of the framework may be reduced to a minimum.
The clock work is diagrammatic.
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ill contracting is caused to inscribe upon a surface the curve

of its movement. The movement of a muscle may be divided

into two secondary movements, namely, a shortening or con-

traction, and a thickening or increase in diameter. The first

myograph, invented by Helmholtz, consists of a brass frame-

work, Fig. 9, moveable round a horizontal axis, and kept in

equilibrium by a counter-weight. The tendon of the muscle

is fixed by a hook to the middle of the frame, and a

balance for the purpose of carrying weights is attached

underneath. At the other extremity of the axis of rotation,

the frame carries a stylet, which traces the movements of

ascent or of descent of the muscle upon any surface. The

registering surface may consist either of a stationary plate

of smoked glass, as in the arrangement of Fick, or of a

vertical rotating cylinder (Fig. 9). When the tracing is

obtained by Fick's method, it consists of a series of vertical

lines, as seen in Fis^. 10.

Fig. 10.—Example of myographic tracing, obtained by the method
of Tick.

An extremely convenient form of myograph for phy-

siological purposes is the spring myograph of Du Bois-Rey-

mond, seen in Fig. 11.

This consists of a rectangular glass plate, h, moving hori-

zontally between two slender steel wires, d. It may be

impelled horizontally by the recoil of a steel spring, c, when
a check is set free at the other end of the apparatus. Thus

applied, the muscular contraction will produce a curve.
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By removing the rod carrying the steel spring, the smoked

glass plate may be slowly moved in front of the stylet by

means of a long screw attached to the plate, the handle of

which is seen a little below c.

In Helmholtz and Tick's arrangement, whether applied

to a cylinder or to a moving glass plate, the muscle must be

placed in a vertical position and have a certain weight to

bear. Nor can the apparatus be conveniently applied to the

muscle while in situ in the bod}'- of the animal recently

Fig. 11.—Spring myograph, showing' Marey's chronograph applied to
it for the purpose of ascertaining the velocity with which the blackened
glass plate h is drawn across by the recoil of the spring c.

killed. There is thus a want of sensitiveness and a want

of convenience, both of which are to a great extent obvi-

ated by the myograph of Marey. The arrangement of this

apparatus is seen in Fig. 12.

The principal piece of the apparatus consists of a hori-

zontal brass plate supporting the axis of a registering lever,

which moves in a horizontal plane. Consequently the

lever registers upon a cylinder moving horizontally. A
thread attached to the tendon of the gastrocnemius muscle of

a frog is fixed by a small button to the lever. Fixed to
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the brass plate, and upon the same plane, there is a flat

piece of cork on which the pithed or decapitated frog is laid.

Fig. 12.—Arrangement of apparatus for experiment with the myo-
graph of Marey : a, recording cylinder ; h, railroad carrying the myo-
graph c ; d, galvanic element ; e, induction coil

; /, key.

A diagrammatic view of the apparatus is shown in Fig. 13.

Attached to the side of the cork plate, there is a brass support

bearing the electrodes for stim-

ulating the nerve or muscle.

When the muscle is stimulated

electrically, it contracts and

moves the horizontal lever,

which traces a curve upon the

movinor cylinder. If it be desir- fig. 13.—Diagram of the frog-piate
^ "^ of Marey's myograph : ab,c e, regis-

able to have a series of tracino-s terlng lever having fulcrum at a, and
^

® power at d, where the tendon of the
from a muscle for a consider- muscle / is attached

; g, nerve lying

. across wires represented by the lines
able period of time, these may h&uii.

be obtained by placing the entire apparatus upon a support,

moved by clockwork upon a little rai-road, parallel with the



96 HISTOLOGICAL PHYSIOLOGY

registering cylinder. Marey has also devised a double myo-

graph, which differs from that just described only by having

a second lever, so that the two gastrocnemei of a frog may
be attached each to a lever ; the two levers are superposed,

and the tracings are close together but still distinct. By

Fig. 14.—Myographic tracing obtained by the method of Fick: changes
in the amplitude of contractions of a muscle under the influence of a
gradually increasing temi-'crature. To be read from left to right.

such an arrangement it is possible to study graphically the

forms of the curves obtained by the contractions of two

muscles under different conditions, say the one poisoned

and the other normal.

Fig. 15.—Myographic tracing obtained by the method of Marey, cor-

responding to a gradual heating of a muscle, as in Fig. 14 It will be

noticed that not only does the amplitude of the contractions change,

but also their form and. their duration. To be read from left to right.

The great advantage of Marey's method is that it registers

the curve of muscular contraction so as to give its different

phases of movement, This will be appreciated upon com-

paring the two tracings seen in Figs. 14 and 15, which show

the changes in muscular contraction under the influence

of a gradually increasing temperature. {Marey.) It may

be observed in both that the rise of temperature increases

I
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the amplitude of the contraction, but the vertical lines do

not indicate whether or not any change has taken place in

the duration of the contraction. It will be seen, however,

in studying Fig. 15, that heat not only changes the amplitude,

but causes the contraction and relaxation to occur in shorter

intervals of time.

3. Ajyparatus required for Electrical Stimulation of

Muscle.—The galvanic elements usually employed are Smee's

or Daniel's elements. For induction currents, the form of

Fig. 16.—Electro-motor of Du Bois-Reymond : a, primary coil ; h,
secondary coil ; c, bunch of wires in centre of primary coil, for increas-
ing intensity of induction current ; d, binding- screw, for attachment
of wire from galvanic element. The current passes up the pillar d,
along steel spring to e, from there to the screw h, the point of which
toiiches the back of the spring at e. From / to g, thence through wire
of primary coil to i, along the two pillars of soft iron i, which it renders
magnetic and thus draws down the head of the spring k. This inter-
rupts the current at e, by breaking the contact of the spring with the
screw point. When the current is thus interrupted, the spring flies
up by its elasticity and again forms the current at e. Thus the cur-
rent js broken and formed automatically, and each time it is broken
and formed there is an induction shock from the secondary coil h.
The intensity of the induced current becomes weaker as we withdraw
a from h along the graduated board o. The automatic apparatus was
devised by Neef. When the wires from the battery are connected
with rj and h, Keef's arrangement is out of the circuit, and an opening
or closing shock may then be obtained by opening or closing a key
(Fig. 17, Ti.) interposed in the circuit.

apparatus known as Du Bois-Reymond's electro-motor is the

most convenient. This apparatus is shown in Fig. 16. It
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is not withiii the scojdg of this work to describe minutely

various forms of apparatus used in electro-physiology; but

to assist the student in identifying them when studying

their practical applications, a group of these is shown in

Fig. 17.

Fig. 17.—Apparatus for electrical experiments on muscle and nerve.
I. Electro-magnetic signalling apparatus, for recording seconds on a
revolving cylinder ; a, bobbins covered with wire ; h, brass rod
carrying pencil or pen ; c, steel spring. II. and III. Brass forceps for
holding leg of frog ; a, forceps ; h, binding screw for wire. IV.
Platinum electrodes for stimulating nerve ; a, piece of vulcanite
carrying glass plate, c c, on which are the copper wires terminating in
rectangular platinum points ; h, universal joint. V. Pohl's commu-
tator for reversing the direction of electric currents ; d, and e, are con-
nected with the battery or induction coil; h c, and af, are binding
screws for attaching wires in different circuits ; g, bridge of copper
wire, divided and insulated in the centre by glass tube, for the purpose
of sending the current entering by d e, either in the direction of b c, or

af. VI. Du Bois-Reymond's key, consisting of a piece of vulcanite on
which there are two rectangular pieces of brass, a b, each having
two binding screws. The two pieces of brass are connected by an a.rm
of brass, the handle of which is seen at c. VII. and VIII. Two forms
of apparatus for stimulating nerve, consisting of vulcanite troughs,
into which are fixed platinum wires, which may be attached to the
wires coming from the battery by binding screws at a a a a.

Consult Foster, in Hand Book for the Physiological Laboratory,

p. 341 et seq. ; Articles on La Methode Graphique dans les Sciences
^

Experimentales, in Marey's Physiologic Experimental e, 1875-76j

also, the Author's Lectures on the Graphic Method before the
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Faculty of Physicians and Surgeons in Glasgow, 1877. For elaborate

details see Gscheidlen's Physiologische Methodik, and Cyon's

Practische Physiologisclie.

4. General Physical Properties of Muscle.

1. Consistence.—When a muscle is in the contracted con-

dition, it is hard and resistant, and when it is relaxed it is

soft. In the state of rigidity which follows death, muscle

becomes firm and solid.

2. Cohesion.—The cohesion of muscular tissue is much

more feeble than that of the connective tissues, and especi-

ally tlian that of tendon. The cohesion of muscular tissue

exerts an influence during pressure and traction. The

resistance to traction is influenced by the state of the muscle;

according to E. Weber, a square centimetre of frog's muscle

may support a weight of a kilogramme without rupture. The

disappearance of muscular irritability is accompanied by a

diminution of cohesion. Thus the gastrocnemius of a dead

frog, which has lost all its irritability, will break with a

weight of about 260 grammes, while a similar muscle from

a frog just killed will carry without rupture a weight of
1

J

kilogrammes.

3. Elasticitij.—The elasticity of living muscle is small,

but nearly perfect ; that is, the muscle will elongate easily

under the influence of very small weights, and will return

on their removal exactly to its former length. The elasticity

of muscle may be readily studied by means of Helmholtz

and Pick's modification of the myograph, by which the

amount of stretching by difierent weights, placed in a

pan, may be readily measured. It will tljen be seen that

the elongations of the muscle are not exactly proportional to

the weights which stretch it. The proportion of the elonga-

tion diminishes as the weights increase, so that the curve of
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muscular elasticity approaches that of a hyperbola, and is

not a straight line. The limit of elasticity is considerable.

It is difficult to state the limit, but it is known that the

gastrocnemius of a frog, weighted with 100 grammes, will

not return to its primitive length. According to Weber, the

elasticity of an active muscle is diminished. He arrived at

this result by tetanising the hyoglossus muscle of a frog

securely fixed at one end and having weights attached to the

other. He compared the amount of elongation during the

state of contraction with elongations caused by the same

weights upon the same muscle in repose. He found, for

example, a greater elongation in the contracted muscle

with one and two grammes than when it was produced by

the same weights attached to the muscle in repose. He also

made the following curious observation : if a muscle in repose

be heavily Aveighted, and then stimulated, it may become

longer instead of shorter ; that is to say, the shortening due

to contraction is not sufficient to compensate for the elonga-

tion due to diminution of the elasticity. Yolkmann pointed

out, after an elaborate research, in which he did not employ

tetanic excitations, as Weber had done, but isolated opening

induction shocks, that Weber had exaggerated the diminution

of elasticity in active muscle, and that the results are largely

affected by the condition of fatigue. Wundt has also arrived

at results contrary to those of Weber. He adopted the

method of arresting by an overweight the contraction of a

muscle, and he found that the diminution of muscular elas-

ticity does not depend upon the state of activity, but simply

upon shortening of the muscle. He says, " if the diminu-

"tion of elasticity depends upon the state of activity, it

" would follow ill my mode of experimenting, that at the

" moment of excitation there ought to be an elongation of

" the muscle, its elasticity having been diminished—a result

" which never happens." He arrives at the general conclu-
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sion that the elasticity of active muscle is the same as that

of muscle in repose. These results have been confirmed by

the research of Bonders and Van Mansveldt, conducted upon

the flexor muscles of the fore-arm of man. To recapitulate :

(1) the elongation of muscle is within certain limits propor-

tional to the weight
; (2) the coefficient of elasticity is very

nearly the same for different degrees of contraction ; and (3)

fatigue diminishes elasticity.

The elasticity of muscle plays the important part of fusing

together the numerous individual shortenings, which, as will

be seen in studying muscle in the active condition, make up

a single contraction. According to Marey, it favours the

production of muscular w^ork, in virtue of a law which he

thus formulates : when a force of short duration is employed

to move a mass, a more useful effect is obtained when it acts

upon this mass through the intervention of an elastic body.

The feeble elasticity of muscle is such as to oppose very little

resistance to antagonist muscles, and when the contraction of

the antagonist ceases, it restores the muscle to its natural

length wdthout loss of force.

4. Tonicity.—In the living being, muscles are more or

less stretched between their two attachments. Thus they

are in a state of tension or tonicity, sometimes termed

muscular tonus, it may be by the contraction of antagonist

muscles, or even by the elasticity of the skeleton or of the

soft parts. "When a muscle is divided transversely, or its

tendon is cut, it therefore immediately contracts, and the

two parts separate a certain distance from each other. The

sphincters are the only muscles which, during repose, do

not appear to be stretched. Their tonicity operates only

when they are dilated.

Various controversies have arisen upon the question of

whether or not muscular tonus is under the influence of the

nervous system. Brondgeest divided in a frog the spinal cord
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below the medulla oblongata, and then divided the nerves of

the leg on one side ; on suspending the frog, he found that all

the articulations of the leg of the operated side were loose

and flaccid, and he concluded that the spinal cord furnished

the flexors with permanent innervation. Heidenhain, on

the other hand, found that when a muscle was placed in a

certain degree of tension by a weight, it did not elongate

after section of the nerve supplying it. The probability is

that both innervation and the circulation of the blood have

a certain influence upon muscular tonicity, by affecting the

nutrition of the tissue.

Consult Beaunis' Physiologie, p. 255; Wundt's Physiologie, p.

374 and p. 427; Ed. Weber, art, Muskelbewegung dans Wagner's

Handworterbuch, t. Ill, 1846; Id. Ueber die Elasticitat der Mus-

keln. (Arch, de Milller, 1858); Volkmann, Archiv f. Anat. n.

Physiol., 1857 to 1860; Wundt, Lehre von der Muskelbewegung,

1858; also Marey, P61e de I'Elasticite dans les Appareils Moteurs

des Etres Vivants. Physiologie experimentale, 1875.

5. Electrical Properties of Muscle. ^

a. A2:)2Ktratus.—For the purpose of studying these pro-

perties, an extremely sensitive galvanometer is required, the

most convenient being the reflecting galvanometer of Sir

William Thomson, seen in Fig. 18.

This instrument is upon the same principle as the ordinary

galvanometer, but it is modified by having the needles con-

stituting the astatic system very short and very light, by

having the coils of wire in the bobbins brought as close to

the needles as possible, and by having a small silvered

mirror attached to the uppermost group of needles. A lamp

1 A short account of the discovery of animal electricity, and of

its important relations to the progress of physical science, will be

found in Appendix B.
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is placed in front of the little mirror, and a ray of light is

reflected by the mirror upon a scale placed at a convenient

distance in front of the instrument. All of these arrange-

ments secure extreme delicacy.

Fig. 18.—Reflecting galvanometer of Sir William Thomson

—

a,

upper, and h, lower bolobin of fine wire ; a small mirror is attached to

the upper group of magnetic needles in the centre of a; c, brass rod,
bearing d, a curved magnet for regulating the position of the needles
underneath ; e e e e, binding screws.

If metallic conductors, say composed of zinc, from the

galvanometer, were brought into connection with a piece of

living muscle, little or no current would be obtained, and



104 HISTOLOGICAL PHYSIOLOGY.

even if there were a current it raight he due to contact of

the metallic conductors with the living tissue exciting

electrolytic decomposition. Hence it is necessary to have a

fluid interposed between the metal and the animal tissue,

as, for example, the zinc wire or plate forming the ter-

minals of the galvanometer must be immersed in a saturated

solution of sulphate of zinc. But as sulphate of zinc solu-

tion would have the effect of irritating the living muscle, it

is necessary to have an inactive substance between the tissue

and the sulphate of zinc solution. All of these conditions

are fulfilled by the arrangement of Du Bois-Heymond, which

is that usually employed, and which may conveniently be

termed the non-polarizahle electrodes. Many modifications

of this apparatus have, from time to time, been employed

for particular purposes, but the form most convenient for

demonstrating the principal electrical phenomena of nerve

and muscle is what is here described. It consists (Fig. 19)

of two troughs made of zinc, mounted on insulating plates of

vulcanite. The inner surfaces of the troughs are carefully

amalgamated, and they are filled nearly full of a saturated

solution of sulphate of zinc. Into each trough is then

placed a small cushion of clean blotting or filtering paper,

which quickly becomes permeated by the solution. Finally,

a small thin film or plate of sculptor's clay, or kaolin,

moistened with a half per cent, solution of common salt, or

still better, with saliva, is laid on each paper pad. These

clay-pads are for guarding the tissue from the irritant action

of the sulphate of zinc. Wires are conducted from the

trough to the galvanometer, and it is convenient to have a

key (Fig. 17, VI) interposed in the circuit, so that any

current from the troughs may be permitted to pass to the

galvanometer, or be shut off at pleasure. It is essential that

no currents are derived from the troughs or from any of

their connections, that is, to have the apparatus non-polar-
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izable. This can only be done by taking extreme care in

all tlie arrangements, and by connecting the troughs for a

few hours before the experiment by a thick copper wire

(passing from/ to/) and laying a morsel of moist blotting

paper from one paper cushion to the other so as to place

the troughs in circuit.

The existence of currents from living muscle may also be

demonstrated by what may be called the galvanoscopic foot.

Fig. 19.—DiagTam of apparatus of Du Bois-Reymoud for experiments
on the electrical condition of muscle and nerve : a, zinc troug-lis,

mounted on pieces of vulcanite b ; c, paper pads ; d, e, small pieces of

moist clay; /,/, binding screws for attaching the terminals of the
galvanometer g. Observe a small bit of paper connecting d and e, and
thus completing the galvanometer circuit. (Wundt.)

It is the leg of a frog detached from the body, and to which

is still adherent the greater part of the sciatic nerve, which

is carefully separated without injury from the surrounding

tissues. When the nerve is brought into connection with

a contracting muscle, an electric stimulus from the latter

affects the nerve, and causes the muscle which it supplies to

contract also {Matteuccis induced contraction). Sometimes
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also, if sufficient care be taken in tlie arrangements, by

uniting with the nerve of the galvanoscopic foot the longi-

tudinal and transverse sections of a muscle, a contraction of

the galvanoscopic foot may be seen. This experiment, first

somewhat roughly made by Yon Humboldt, has been long

known as non-7netaUic contraction, and has been regarded as a

strong proof of the existence of animal electricity. [Brilcke.)

b. General Results.—When a portion of the gastrocnemius

muscle of a fi-og in a state of rest is placed upon the

cushions of Du Bois-Keymond's apparatus above described,

in such a manner that the transverse section touches the one

cushion, and the longitudinal surface of the muscle the

other, a deviation of the needle of the galvanometer indi-

cates the existence of a current, which in the muscle passes

from the transverse section to the surface of the muscle, and

in the galvanometer circuit from the surface to the trans-

verse section. The two surfaces manifest differences of

electrical potential : the surface of the muscle is positive,

while the transverse section is negative. If, in place of a

transverse section of the muscle, we take the tendon of the

muscle, which, as it contains the termination of the indi-

vidual muscular fibres, may be regarded as the natural

transverse section, it will be found also to be negative. On
the other hand, if, in place of the natural surface of the

muscle, we take a section of the muscle parallel to the

muscular fibres, or, in other words, an artificial longitudinal

surface, it will also be found positive. Thus it may be

stated generally that any natural or artificial longitudinal

surface of a living muscle is jiositlve to amy natural or

artificial transverse section. Du Bois-Keymond has shown,

and his experiments have been repeated by numerous

observers, that the force and direction of the currents

from different parts of the muscle are as follows :—(1)

There is a strong deviation of the needle when the gal-
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variometer circuit unites a loiigituclinal surface to a trans-

verse surface, and the maximum of deviation is obtained

when the middle of the longitudinal surface is connected

with the middle of the transverse surface. (2) The devia-

tion is small when the galvanometer circuit connects two

points unequally distant from the middle of the surface,

whether longitudinal or transverse, with two points un-

equally distant from the two opposite surfaces. (3) In longi-

tudinal surfaces a point near the equator is always positive

to any point nearer the ends of the muscle, and in trans-

verse surfaces a point nearer the centre is always negative

to a point nearer the surface of the section. (4) There is no

deviation when the galvanometer circuit unites two points

of the same surface, or two opposite surfaces equally distant

from the centre, or the centres of two opposite surfaces.

(5) Sometimes the tendinous part of the muscle, in place of

being negative, may be positive to the surface of the muscle.

This phenomenon is most frequently observed when the

muscle is quite fresh, and has been submitted, whilst the

animal was alive, to a low temperature for a considerable

time ; and this portion of the muscle has been termed the

jKirelectronoDiic part. (6) If we make an oblique instead

of a perfectly transverse section of a muscle, the most

negative point of the section, instead of corresponding to

the centre of the section, as is the case with a perfect

transverse section, approaches the acute angle, and the most

positive point of the longitudinal surface, on the contrary,

approaches the obtuse angle : these are the facts regarding

the electrical condition of what has been termed the

muscular rhomb.

c. Negative Variation of the Muscle Current.—When the

muscle is in a state of activity, a remarkable change occurs

in its electrical condition. If tlie muscle be on the gal-

vanometer cushions, in the manner already described, the
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deviation of the needle indicates the existence of tlie normal

eurrent. If then the nerve supplying the muscle be excited

by a current from the induction coil, so as to throw

the muscle into a state of powerful contraction, the needle

swings back towards zero, thus indicating a diminution of

the normal current, or the existence of a current in the

opposite direction. This change in the state of the current

has been termed the negative variation. It has been ascer-

tained by most refined methods of investigation, conducted

by Helmholtz, that the commencement of negative variation

is about the -^^ of a second after the moment of the excita-

tion of the muscle. But Von Bezold showed that in the

nerve itself there elapses about the ^-Jo ^^ ^ second between

the instant when the excitant is applied to the nerve and

when the nerve is excited. Consequently, the commence-

ment of the negative variation of the muscle current

coincides exactly with the moment of the excitation of

the muscle. The negative variation, which first increases

and then decreases, lasts about the 3-^-0*!^ ^^ ^ second, and

it is entirely gone before the muscle begins to contract,

that is to say, it occurs during a portion of the period of

latent stimulation (see p. 119). Bernstein has arrived at

the conclusion that the negative variation travels with a

rapidity of about 3 metres per second, which is the same

rate as that of the wave of muscular contraction. Ex-

periments by Meissner, Cohn, and Holmgren have thrown

so much doubt upon some of these results of Bernstein as

to render a repetition of the investigations desirable.

d. Theories of the Muscle Currents.—These may be briefly

alluded to as four in number. (1) The chemical theory of

Liebig : that the muscle current was due to the reaction of

the alkaline blood upon the acid muscle substance. (2) The

electro-cajnllary theory of Becquerel. He showed that electro-
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chemica] circuits may exist, as in the body, without the

existence of a metal. Two liquids of a diflferent nature,

separated by a narrow slit or series of pores, or by an

organic membrane, may give rise to a current ; the wall

which is in contact with the liquid next the acid acts as the

negative pole, while the opposite wall is the positive—the

walls of the capillary spaces acting as solid conductors.

According to Becquerel, the tissues of the body present an

infinite number of electro-capillary couples, which give

origin incessantly to electric currents. Thus in the capil-

laries of the tissues, the face of the capillary wall in contact

with the blood is the negative pole, whilst the face in contact

with the fluid bathing the tissues is the positive pole. (3)

Physical theory of Du Bois-Reymond. If we take a cylinder

of zinc, having a bit of copper soldered on each side, and

plunge it into water, there are formed an infinite number

of isolated currents, which travel through the water from

the zinc to the copper, and a part of which may be conveyed

by conductors applied to the zinc and to the copper. If

then a galvanometer be interposed in the circuit, it will be

found that the zinc, forming the centre of the cylinder, is

positive, and the copper, forming the sides, is negative, an

arrangement similar to that of a muscle. Du Bois-Reymond

has imagined therefore that each muscular fibre is composed

of an infinite number of small electro-motor elements, analo-

gous to the cylinder composed of zinc and copper above

described. Each little element would have a positive

equatorial zone, and two negative polar zones, and would

be plunged into an intermediate conducting matter. The

series of electro-motor elements in a muscle might be repre-

sented thus :

or, supposing each element to be divided into two dipolar
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molecules, having the positive poles turned in the same

direction, thus :

— + + + + + + + + -f +—
(4) Contact theory of Hermann. Hermann denies the exist-

ence of muscular currents in a " perfectly uninjured, un-

skinned animal, the muscles of which are in a state of rest."

While admitting the general accuracy of the observations

above described, he supposes that the differences of electrical

potential, which produce the currents, are due to injurious

influences caused by the mode of preparation acting upon

their surfaces. The fact that it appears to be impossible to

prepare a piece of muscle, and to place it on the cushions of

a galvanometer, without observing a current, in the manner

already described, coupled with our knowledge of the exist-

ence of currents from the uninjured leaf of the Bioncea

muscipula, or Yenus' Fly Trap, which we owe to Burdon-

Sanderson, leads us to be very -cautious in abandoning the

older views, and in accepting those of Hermann. It may be

pointed out, also, that in no circumstances could we obtain

evidence, by means of a galvanometer, of the existence of a

current in a closed circuit or group of closed circuits, as is

the case in living uninjured muscle, without so injuring the

muscle as to break a circuit. The fact, therefore, that by

a special mode of preparing the muscle, no current may be

obtained, is no proof that no currents actually exist.

Muscle Current from Uninjured Man,—By placing each

hand in a shallow vulcanite trough containing a weak

solution of common salt, and connected by zinc terminals

with a sensitive galvanometer, the existence of a current

will be shown by a deflection of the needle. Suj)pose that

the muscles of one of the arms are then thrown into a

state of strong voluntary contraction, the needle of the

galvanometer will swing backwards to zero, or j)erhaps to
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the other side of it, showing what might be regarded as

a negative variation. It is very doubtful, however, if the

phenomena so observed are due to muscle currents, and it

is more than probable that they may be occasioned merely

by changes in the amount of contact between the surface

of the skin and the fluid.

Electro-tonic State of Muscle.—By this term is meant the

condition of a muscle during the passage of a continuous

current of electricity through it. It consists chiefly in a

modification of the natural muscle current. When the

constant current is in the same direction as the muscle

current, in the interior of the muscle—that is, from the

transverse section to the longitudinal surface—the muscle

current is increased ; when, on the other hand, the constant

current is in the opposite direction to the muscle current,

the latter is diminished.

6. Peoduction of Heat by Muscle.

The apparatus required in investigating the thermal phe-

nomena of muscle, consists of a galvanometer of small resist-

ance, and a thermo-electric pile, or thermo-electric needles.

All thermo-electric apparatuses are based on the fact of the

development of electric currents on heating the junction in

circuit of two dissimilar metals. The needles, which are more

easily applied to a small muscle than a thermo-electric pile,

are composed of two metallic wires, the one of iron and the

other of copper, soldered together at one of their ends. One

of these needles is kept at a constant temj^erature, while the

other is passed through the muscle in such a manner that

the junction of the metals is imbedded in the mass of mus-

cle. The two ends composed of iron are united together

by a wire of the same metal, and the two copper ends

are put in connection with the galvanometer. By such an
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arrangement, it will be found that there is a deviation of the

galvanometer needle when the muscle contracts, owing to

the development of a thermo-electric current, from the

metallic junction in the muscle being raised to a higher

temperature than the other junction kept at a constant

temperature in a vessel of boiling water, or in melting ice.

Heidenhain has shown, by the use of extremely delicate

arrangements of this nature, that the instantaneous ex-

citation of the nerve supplying a muscle is attended by a

rise of temperature in the muscle. The development of

heat in a muscle depends—(1) upon its tension
; (2) on the

work done ; and, (3) on the state of fatigue of the muscle.

The more a muscle is stretched, the greater will be the

amount of heat developed when it contracts. According

to Beclard and Heidenhain, a muscle develops its maximum
amount of heat, supposing the intensity of the stimulus to

remain the same, when it is so stretched as to be unable

to contract at all. The energy of a contracting muscle

may be entirely transformed into heat; it may appear

either as heat or mechanical work, or both. If we add

the energy appearing in the form of heat in a contracting

muscle to the energy developed as mechanical work, the

sum is the total amount of energy expended during the

contraction. The greater the heat, the smaller will be the

mechanical work, and vice versa. It follows that the heat

produced during work is, in the same time, inversely pro-

portional to the amount of work. With regard to fatigue,

it may be stated that as a muscle becomes exhausted by

successive excitations, or by the approach of death, both the

amount of work done and the production of heat simul-

taneously diminish. The two quantities, however, do not

diminish equally : heat diminishes more rapidly than work,

so that it is possible to have a muscle capable of

performing a small quantity of mechanical work, but at the
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same time producing no heat. The venous blood, coming

from a muscle in a state of activity, is warmer than that

flowing from a muscle at rest ; and it has been ascertained

that the gastrocnemius of a frog, deprived of blood, will show

an increase of about xV*^ ^^ ^ degree C. for each contraction,

until it becomes much fatigued. Billroth and Fick deter-

mined in the muscles of mammalia, under the same con-

ditions, a rise of 5° C. Leyden found a rise of temperature

during tetanus in animals, and Wiinderlich observed the

same phenomena in patients suffering from tetanus ; and,

further, that the maximum temperature was not attained,

in these cases, until after death.

7. General Physiological Properties of Muscle.

1. Nutrition.—The nutrition of muscular tissue is very

active. A muscle in a state of rest, and supplied with

blood, absorbs oxygen and eliminates carbonic acid. During

contraction, these changes are much increased, and the

elimination of carbonic acid goes on more rapidly than the

absorption of oxygen. It has also been ascertained that

.

during contraction the substances that may be extracted by

water from muscle are diminished, while those extracted by

alcohol are increased. At the same time, the muscle becomes

acid from the development of lactic acid, and the amount of

acid formed increases with greater muscular activity. The

circulation of the blood is more active in a contracting

muscle than in one at rest. According to Bernard, at the

moment of contraction the blood is retained in the capil-

laries, and does not enter the veins : it joasses only into the

veins in the interval of muscular contraction, and the blood

flowing in the veins from a contracting muscle is dark and

distinctly venous, whilst if the muscle is in a state of

repose it is red and arterial. The exact nature of the

H
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chemical processes happening in a muscle during contraction

is still within the region of hypothesis and not of fact.

2. Muscular Irritability/.—By this phrase is meant the

property which living muscle possesses of responding to a

stimulus, the visible indication of a response being a change

of form, or a contraction. The term contractility is some-

times employed to denote the same fact. Irritability is a

property inherent in the muscular fibre, a doctrine first

clearly enunciated by Haller, and which, though frequently

controverted, is upheld by all the experimental facts of the

present day. The most convincing j)yoo{ of the doctrine,

first given by Bernard, is that if we poison an animal

with curare, stimulation of the motor nerves produces no

efiect, while the direct excitation of the muscle is at once

followed by contraction. It might be objected to this experi-

ment that the persistence of irritability may depend on the

integrity of the motor end-plates of the muscle, which may

not have been afi'ected by the poison; but, as was first

shown by Kiihne, if we examine with the microscope living

muscular fibres from an animal under the influence of curare,

it is possible to find fibres containing no motor end-plates,

which are still capable of contracting on the application of a

stimulus. The view of the inherent irritability of muscle is

also supported by various other facts. Thus, sulphocyanide

of potassium abolishes irritability without affecting the

integrity of the nerve ; electric currents of very short dura-

tion may excite the nerve without exciting the muscle ; irri-

tability may last several weeks after section of the motor

nerves, whilst the excitability of the nerves is lost in about

four days. Finally, irritability may be observed in struc-

tures having no nerves 8.nd consisting only of protoplasm,

such as the contractile tissues of plants, the bodies of many

of the Protozoa and Coelenterata, the colourless blood cor-

puscles, spermatozoids, and cilia. When we remember that

)
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the essential constituent of nniscle is a form of protoplasm,

one of the prominent phenomena of which is its capability

of responding to a stimulus, it requires little evidence to

convince us of the truth of Haller's doctrine.

Muscular ii-ritability may be excited either by nervous

action, its normal stimulus ; or by excitants, which may
be regarded as accidental, and which act directly on the

muscle substance. Amongst the latter may be enumerated

mechanical actions, such as tension, percussion, pricking,

&c.j physical actions, such as the apjDlication of electricity

and heat; chemical stimuli, such as ice-cold water, weak

solutions of metallic salts, dilute acids, alkaline chlorides,

ammonia, &c.

Muscular irritability may be increased or conserved for

a considerable time by the following conditions :— (1) by an

afflux of blood : if the lumbar nerves of a frog be divided

on one side, the capillaries become dilated from paralysis of

the vaso-motor nerves, and the irritability of the muscles

is then much greater than on the uninjured side; section

through one-half of the medulla oblongata and of the corpora

higimena is followed by hypersemia, or increase of blood,

and increase of irritability in one-half of the body; (2) Rest;

(3) The presence of oxygen; muscles retaining their irrita-

bility longer in oxygen than in ordinary air, and still longer

than in air deprived of its oxygen ; the injection of oxygen-

ated blood into a limb entirely separated from the body

maintains irritability for a considerable time
; (4) The action

of certain substances, such as theine and veratrine ; and (5)

the passage through the muscle in a longitudinal direction of

a very feeble continuous current of electricity.

Irritability is diminished or destroyed, by (1) arrest of the

circulation; (2) fatigue
; (3) a temperature considerably above

or below the mean temperature of the muscle, which varies in

different species of animals; (4) the presence in excessive
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quantity in the muscle of sucii substances as carbonic acid,

lactic acid, phosphate of lime, and certain alkaloids. It

is said that muscular irritability is almost instantaneously

destroyed by large doses of sulpho-cyanide of potassium, all

the salts of potash, the bile, emetine, upas antiar, &c.

After division of the nerves supplying it, and when the

circulation is cut off, the irritability of a muscle disappears

with great rapidity.

Irritability disappears more quickly after death from

warm-blooded than from cold-blooded muscles. Thus, accord-

ing to Brown-Sequard, irritability lasted in the muscles of

following animals :

—

Eabbit, . 84 hours

Sheep, . . lOi „
Dog, . . Ill „
Cat, . . m „
Frog, . 24 to 40 ,,

In man it has been observed to last for even so long a period

as 26 hours after death, but in most cases it disappears

in the course of 5 or 6 hours. It vanishes quickly from

the muscles of persons who have died from exhaustive

diseases, but it may last a long time in well nourished

muscles.

8. General Phenomena of Muscular Contraction.

When a muscle, say the gastrocnemius, removed from the

leg of a recently-killed frog, is caused to contract, it assumes

the form of a globular mass which is about one-third of the

primitive length of the muscle. In the living body, however,

the shortening is never so great, as the two ends are stretched

by the elastic force of the antagonist muscles and the resist-

ance of the points of insertion. The amount of shortening

of each muscle depends upon its length, and, for a given
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muscle, tlie shortening increases with the intensity of the

stimulus and diminishes with the fatigue of the muscle.

When a muscle contracts, there is no change in its absolute

volume. This may be demonstrated by placing the muscle

in a small bottle filled with water, through the walls of which

two fine platinum wires are fused for the purpose of conveying

an electric stimulus to the muscle. The stojDper of the bottle

is drawn out into a long capillary tube, in which the fluid in

the bottle ascends. It will then be found that, on causing

the muscle to contract, the fluid in the capillary tube does

not descend ; that is to say, there is no diminution in

volume.

Another mode of observing muscular contraction is to

examine under the microscope, with a magnifying power of

300 diameters, a living muscular fibre removed from the leg

of an insect. On stimulating the fibre at one end, an undula-

tion will be observed to travel along the whole length of the

fibre, and the transverse striae approach each other. This

phenomenon will be best observed when the muscle is slightly

stretched. On adapting the polarizing apparatus to the

microscope, it will be observed, as has been already stated,

that the anisotropic portion is the seat of the contraction.

a. Pleases of a Single Contraction.

The phenomena already mentioned may be noticed by the

unaided eye or by the use of the microscope, but as they do

not include all the phases of muscular contraction, many of

which are of very short duration, recourse must now be had

to various methods of accurate experiment. These are con-

ducted with the aid of myographs, by which a graphic re-

presentation of the curve of muscular contraction may be

obtained. The arrangement of the apparatus in this experi-

ment is shown in Fig. 20.

The experiment is conducted as follows : The gostroc-
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nemius muscle, the contraction of which is to be studied, is

fixed by its tendon to the lever of the myograph (c), and the

nerve is brought into contact with the electrodes ; the

recording cylinder («) is then allowed to rotate, and when it

has attained sufficient velocity, the key (/) in the primary

circuit of the coil (e) is opened ; a single induction shock is

thus transmitted to the nerve, which causes the muscle to

Fig. 20.—Arrangement of apparatus for obtaining the curve of a
muscular contraction caused \>y a sinf;le induction shool< ; a, revolving
cylinder ; h, railroad carrying from left to right c, the myograph of

Marey; d, galvanic element, connected with e, the primary coil of the
induction machine ; the wires from the secondary coil of the induction
machine pass to the electrodes of the myograph, seen a little to the left

of c ; f, key interposed in the circuit of the primary coil.

contract and to describe, by moving the lever of the myo-

gi-aph, the curve acde, in Fig. 21.

On analysing this curve, it is seen to be composed of three

unequal periods :

—

(a) Suppose the muscle has received the shock at b, there

is a short period represented by the line from 6 to c, in

I

I
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which no contraction occurs. This time, usually about the

yi jyth of a second, is called the period of latent stimulation.

Its commencement and termination are easily registered by

interposing in the primary circuit a signalling apparatus,

which would draw on the cylinder ikiQ ViYiefg h i k ; while

the time is recorded by a chronographic tracing I m.

(b) A second period, corresponding to the contraction of

the muscle, indicated by the ascent of the curve c d, the

duration of which is also registered by the chronograph, and

which is sometimes rapid and sometimes slow.

Fig. 21.—Curve of a muscular contraction, produced by a single
induction shock, ah c d e, line drawn by the lever of the myograph;
fg hik, line drawn by electric signalling apparatus ; I m, chronograph
registering 100 vibrations per second.

(c) A third period of 7'elaxation, represented by the descent

of the curve d e, in which the muscle returns to its primitive

length ; this period is longer than the second, as indicated

by the obliquity of the curve.

For purposes of comparison, it is often important to obtain

a series of curves in juxtaposition. This may be done, with

the arrangement above described, by sending the shock to

the muscle a little later in each revolution of the cylinder.
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the myograph being stationary, wlien such a tracing as seen

in Fie. 22 will be recorded.

Fig. 22.—Tracings of muscular contractions produced by successive
single induction shocks, to be read from left to right, thus

—

a, h, c.

Consecutive tracings may be still more elegantly obtained

by placing the myograph on the railroad apparatus seen in

Eig. 20 (b), which carries the myograph slowly along the

surface of the cylinder. By causing the cylinder to inter-

rupt automatically the primary circuit at the same moment

in each revolution, the successive contractions will be regis-

tered as in Fio;. 23.

Fig. 23.—Contractions of the gastrocnemius muscle of a frog imbri-
cated vertically. From below upwards the effects of fatigue may be
observed in the gradual lengthening of the time of contraction. //, the
chronograph, registering 100 vibrations per .second.

The duration of muscular contraction varies in diflferent

species of animals : very short in birds, somewhat less in

1
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mammals and fishes, and prolonged in reptiles. The ampli-

tude of the curve, indicating the amount of muscular con-

traction, increases with increase of the stimulus, at first

rapidly, then more and more slowly, and when a maximum
is reached, it remains constant, as indicated by the ampli-

tude of the curve remaining the same. Fatigue diminishes

the amplitude and increases the duration of the contraction,

as seen in Fig. 23. Stoppage of the circulation and cold has

the same, whilst the gentle application of heat has the

reverse, efiect.

"When a living muscle is stimulated, it not only contracts,

but becomes thicker. The movement of thickening has been

traced graphically by Marey, and the curve has been found

to be generally the same as that of contraction.

As has been already mentioned, if a stimulus be applied

to one end of a living muscular fibre, a kind of wave is seen

to propagate itself towards the other end. This has been

termed the wave of contraction., and its rapidity has been

measured by Marey with the aid of delicate appliances,

which, as they are applicable to the registration of other

physiological phenomena, may be here shortly described.

b. Marei/s Mode of Transmitting Movement.

One of the chief obstacles in the registration of animal

movements is the difficulty of attaching directly to the body a

marker which will inscribe on a blackened surface the phases

of the movement. It is therefore necessary to have means

of transmitting the movement to a distance, or, in other

words, transferring to the recording surface the movement

we wish to examine. This Marey has accomplished by the

use of tambours, or drums, united by tubes containing air.

One of these tambours is seen in Fig. 24.

It consists of a shallow metallic case, or drum, the upper

surface of which is formed by a thin indiarubber membrane
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supporting the writing lever. Two tambours, each having

a short metallic tube communicating with their interior,

Ftg. 24.—Tambour of Marej-. a, metallic case ; h, thin indianibber
membrane ; c, thin disc of aluminium supporting- the lever d, a small
portion of which onXy is represented ; e, screw for placing the support
of the lever vertically over c; /, metallic tube communicating with
the cavity of the tambour for attachment to an india-rubber tube.

may be connected together by carrying an indiarubber tube

from the one metallic tube to the other, as represented in

Fiff. 25.

Fig. 25.—Tambours of Marey arranged for the transmission of

movement,—ft, receiving tambour; &, india-rubber tube; c, register- ^lU
ing tambour ; d, spiral of wire, by the elasticity of which, when the H
tension is removed from a, the lever ascends. H

On depressing the membrane of the first tambour, part of

the air which it contains is expelled; this air passes through |i|

the indiarubber tube into the second tambour, the mem-

J
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brane of which, carrying the lever, is elevated. On the con-

trary, when the first tambour is not acted upon, the mem-

brane of the second returns to its former position. The first

may be termed the rexeivimj, and the second the registering,

Fig. 26.—Arrangement of rcf^istering tambours, a a a, for recordmg

three movements on cylinder d. The tubes communicating ^etween

the recording and registering tambours are seen at hbb. Chrono-

graph, c.

tambour. It will be observed that, as above arranged, the

movements of the registering tambour are the reverse of

each other : when the membrane of the one is drawn down-

wards, that of the other is forced upward. When it is

5

I



124 HISTOLOGICAL PHYSIOLOGY.

desirable to obtain the movements of the levers in the same

direction, one of the tambours must be reversed. The most

beautiful application of this method of transmission of move-

ment is that it is possible to register upon the same record-

ing surface a series of movements occurring in different

localities, so as to have the means of comparing their

rhythm, duration, and character. In Fig, 26, an arrange-

ment is represented by which three movements, along with

a chronographic tracing, may be obtained on the same

cylinder.

Fig. 27.—Arrangement of apparatus for transmission of muscular
movement by tambours : a, g-aivanic element ; &, primary coil ; c, sec-

ondary coil of induction coil ; d, metronome for interrupting primary
circuit, when induction current is sent to electrodes k ; h, forceps for

femur ; the muscle, which is not here represented, is attached to the
receiving tambour g, by which movement is transmitted to the record-
ing tambour e, which writes on the cylinder /.

Marey has also applied his method of transmission of

movement to the phenomena of muscular contraction. By
causing the contracting muscle to act on a tambour, as seen

in Fig. 27, the movement may be carried to a distance to

a recording tambour in connection with a cylinder. By
this ingenious method it is possible to subject the muscle to

different temperatures, or to the action of various gases,

without interfering in any way with the recording apparatus.

I
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c. Wave of Muscular Contraction,

Marey has measured the rapidity of the wave which passes

along a contracting muscle by placing upon it two small

receiving tambours, at a certain distance from each other,

and each connected with a registering tambour. On stim-

ulating one of the ends of the muscle, the thickening which

accompanies its contraction, as it passes from one end to the

other, acts upon the two receiving tambours successively,

and a tracino^ is obtained such as is seen in Fiof 28.

Fig. 28. Tracing of the propagation of tlie muscular wave. Chrono-
graphic tracing, 100 vibrations per second underneath, (Marey.)

It will be seen that the two curves do not coincide, and

the distance between their summits gives the rapidity of

propagation of the muscular wave, which is from one to

three metres per second. The wave of contraction excited

in a muscular fibre is limited to it alone, and is not trans-

mitted to neighbouring fibres.

d. Contraction produced hy a Series of Rapid SJiocks.

A rapid series of induction shocks may be sent to a muscle

by means of Du Bois-R-eymond's electro-motor, seen in Fig-

16. The shocks sent by the apparatus, when the primary

circuit is automatically closed and opened, may be regarded as

instantaneous excitations. When excitations, by induction

shocks, exceed a small number, say three or four per second,

the muscle contracts more strongly, and the contraction con-

tinues for a longer time, than if the muscle had received a
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single shock of the same intensity. This observation may
be readily made by interrupting the current of the induction

coil by means of a metronome, so that the number of shocks

sent per second may be varied at pleasure. In these experi-

ments it is also advantageous to take the tracings on a smoked

glass plate, according to the method of Fick. It will then

be found that the opening shock is more powerful, as shown

by the amount of muscular contraction, than the closing

shock. When the shocks succeed each other regularly, at

the rate of about fifteen per second, and in such a way that

the duration of the interruption is short compared with the

duration of the shock, the muscle remains persistently

contracted. This state of permanent contraction is called

tetanus, and its phases must be more carefully studied.

Tetanus.—When a muscle is stimulated by an induc-

tion machine, it draws a curve on a moving surface

which is different in character from that of a single shock

(see Fig. 21, p. 119). Such a curve is shown in Fig. 29.

Fig. 29.—Tetanus produced by numerous shocks from an induction
machine. The interruisted current acted at a, the lever rises rapidly,

and at h the muscle readies the maximum of contraction. Tlie con-

traction lasts until c, when the current is shut off and the muscle
slowly re

It is important to note that when a muscle is tetanized by

an induction current, it contracts suddenly, as indicated by

the rapid rise of the lever, that tetanus is a condition which

lasts for a considerable time, and that the muscle relaxes

slowly. Contrast Fig. 21 with Fig. 29.
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AYlien a series of induction shocks are more slowly trans-

mitted to the muscle in contact with Marey's myograph,

by interrupting the primary current by a metronome, the

following tracing is obtained (Fig. 30) :

—

Fig. 30.—Tracing- of a muscle passing- into a tetanic state ; when the
primary current of an induction machine is rapidly made and broken
by a metronome. The first shock was transmitted to the nerve at a,

the second an instant after 1, the third an instant after 2, and so

on. It will be observed that with each succeeding shock the muscle
becomes shorter, though the shortening at each shock is less.

A number of distinct oscillations will be observed in the

ascent of the curve. Each oscillation is somewhat shorter

than the one immediately preceding it. Three cases in which

a muscle is excited by successive shocks present themselves

for consideration :

—

1. When a second excitation acts after the termination

of the contraction occasioned by the first, it produces a

second muscular contraction having the characters of the

first, and so on, as regards successive excitations, until the

muscle becomes fatigued.

2. If the second excitation act during the period of

latent stimulation following the first, the shortening is not

gi^eater than for one excitation, and the curve of contraction

is the same.

3. If the second excitation act during the two last

periods of the preceding contraction, the shortening corres-

ponding to the second excitation is added to that of the
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first. The curve thus produced is seen in Fig. 31. If

other excitations quickly follow, each capable of causing

a partial contraction, a state of permanent contraction or

tetanus is produced, which is the sum of the partial con-

tractions resulting from the successive shocks. Tetanus

may be maintained for a considerable time, which varies

according to the degree of vitality of the muscle, but by

Fig. 81.—Tracing- of a double muscle curve. While the muscle was
engagfed in the first contraction (whose complete course, had nothing
intervened, is indicated by the dotted line), a second induction shock
was sent to it, at such a time that the second contraction began just as
the first was beginning to decline. a,-h, first contraction; c, d, second
contraction

; /, chronographic tracing. {Foster.)

degrees it passes off, and the muscle slowly returns to its

original len,gth, under the influence of fatigue. When
shocks are transmitted with too great rapidity, so as to be

too short in duration, tetanus is not produced.

. 1
e. Other Modes of Exciting Muscular Contraction.

In addition to the normal stimulus transmitted by a nerve,

and to the stimulus of electricity, muscular contraction may
be excited by mechanical, thermal, and chemical stimuli.

1. Mechanical Stimulus.—The action produced by a

mechanical stimulus depends upon the intensity of the i

stimulus and the rapidity with which it acts. Pressure

upon a muscle, if slowly applied, may not excite a con-

traction, but if the pressure be made suddenly, contraction

may be the result. When a muscle is stimulated by any

I
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mechanical excitant, the result is not only a contraction

passing from the excited point through the whole of the

muscle, but a permanent contraction of the point touched.

This contraction, termed by Schiff, its discoverer, idio-muscular

contraction, may be observed in the living man when a blow

Fig. 82.—Arrangement for studying the action of heat on a frog s

heart. A copper plate, carrying at one end two delicate levers, b,

movinc^ona joint at d; the heart is placed underneath the levers

near d, one on the auricular and the other on the ventricular portion

and the movements of the levers are recorded on the cylinder e, which

may be gradually elevated, so as to obtain a continuous tracing by

turning the screw g. When heat is applied by the spirit lamp /, to

the end of the copper plate, the heart beats faster and faster until

it passes into a state of tetanus, from which it may recover by cooling

the copper plate with a piece of ice.

is struck with a blunt body across a muscle, and perpen-

dicularly to the direction of its fibres. There is then a

contraction which extends the whole length of the muscle,

I
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and when tliis contraction lias disappeared, there remains at

the point of excitation a transverse swelling, which lasts

for a certain time. A muscle may pass into a state of

tetanus, on irritating, by successive mechanical shocks, the

nerve supplying it. This may be accomplished by tlie

mechanical tetanomotor of Heidenhain, which consists of a

small hammer, kept in movement by an electro-magnet,

through which a current passes at rapid and regular in-

tervals. The hammer is made of ivory, and strikes upon

the nerve lying in an ivory groove.

2. Thermal Stimulus.—The passage of a muscle from

one temperature to another may excite muscular contractions,

and when the temperature is raised to about 60° C, tetanus

is produced. This fact is strikingly illustrated by the

action of heat on the heart of a frog, an experiment which

may be readily performed by the arrangement shown

in Fig. 32.

3. Chemical Stimulus.—A great number of chemical

agents produce contractions by their influence on the chemi-

cal composition of the muscle or of the nerve supplying it.

Amongst the agents which excite contraction are the fixed

alkalies, the mineral acids, acetic, oxalic, tartaric, and lactic

acids, alcohol, ether, kreosote, the neutral alkaline salts,

such as chloride of sodium, and sulphates and carbonates of

the alkalies, very concentrated solutions of metallic salts,

and concentrated solutions of urea, sugar, and glycerine.

All of these substances probably excite either the nerve or

the muscle by absorbing water, and the kind of contractions

obtained resemble those following rapid drying of a nerve

by exposure to the air. Distilled water injected into the

bloodvessels of a muscle excites contraction, but it rarely

excites contraction when applied directly to the nerve or

muscle.
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f. Muscular Work.

I'lie amount of work done by a healtliy muscle in lifting a

weight will vary according to the strength of the stimulus

and the weight to be lifted. A few experiments made by

Fick's method, in which the muscle is stimulated by single

induction shocks of equal intensity, will show this clearly.

a. The Contraction as a Function of the Stimulus.—Sup-

pose the gastrocnemius muscle of a frog is loaded with say a

weight of 10 grammes, and the apparatus is arranged for a

single induction shock. Removing the secondary coil of the

induction machine to a considerable distance from the

primary, let a single shock be sent to the muscle. If no

contraction follow, let the secondary coil be removed nearer

the primary until the first visible contraction is obtained

and recorded. Then advancing the secondary coil onwards

a definite distance nearer the primary each time, let each

contraction be recorded as an ordinate on the abscissa line

at distances proportionate to the distances the secondary

coil is moved. A diagram may thus be constructed such as

is seen in Fig. 33.

Fig. 33.—Diagram of muscular contractions, with the same weight

and an increasing stimulus. The numbers represent the distance of

the secondary from the primary coil, reading from left to right.

This diagram shows that the amount of contraction

increases with the increase of stimulus, at first rapidly, then

more slowly, until a maximum is reached ; the maximum

remains for some time, and afterwards the amount of con-

traction becomes less owing to the fatigue of the muscle

from repeated stimulations.
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p. The Contraction as a Function of the Resistance.—
Suppose ill this experiment the intensity of the stimulus is

the same, while the load which the muscle has to lift is

gradually increased. Let a contraction be recorded when

there is no load to the muscle at all. Then load successively

with 10, 20, 30, &c., grammes, recording the several con-

tractions at proportionate distances along the abscissa line,

-as seen in Fig. 34.

i
Fig. 34. —Diagram of muscular contractions with the same stimulus

and increasing weights. The mimbers represent grammes.

This diagram shows that as the weight is increased from

2ero upwards, the contraction increases ; as the weight

continues to be increased, contraction also increases, but

more slowly, and beyond a certain point increase in the

weight is followed by a diminution in the amount of con-

traction.

y. Measurement of the Work done.—This is accomplished

by measuring the actual amount of shortening of the muscle

by the weight lifted. Let W be the weight and H be the

height to which W is lifted, then WH = x, the work done.

Suppose, for example, a muscle lifts 10 grammes 20 milli-

metres in height, the work done is 200 gramme-millimetres.

This may also be shown diagrammatically by drawing an

abscissa line, marking off upon it the distances proportionate

to different weights, and drawing as ordinates the actual

work done in the case of each weight. A line drawn

through the summits of the ordinates will give the curve

of the work done with the same stimulus and increasing

loads. (Foster.)
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Weber lias given the following figures with reference to

the work done by the muscle of a frog :

—

Weight Lifted in
Grammes.

Height in
Millimetres.

Work done In
Gramme-

Millimetres.

5

15

25

35

27-6

25-1

11-45

6-3

138

376

286

220

This table shows that the work increases with the weight

until a certain maximum, after which a diminution occurs

more or less rapid according as the muscle is fatigued.

Static Force of a Muscle. — In charging a contracting

muscle with gradually increasing weights, there arrives a

time when the elongation due to elasticity exactly compen-

sates the contraction of the muscle. When this is so the

muscle is, as it were, in a state of equilibrium, and the

weight expresses what Weber termed the static force of the

muscle. This force he found in the frog's muscle to be 692

grammes for a transverse section of a square centimetre, and

Henke and Koster have estimated the static force of the

muscles of the calf of a man's leg to be from 8 to 9 kilo-

grammes.

g. Muscular Fatigue.

A muscle becomes fatigued after increased work. Up
to a certain point the substances produced in a contract-

ing muscle are eliminated as quickly as they are formed,

and at the same time new materials necessary for the

repair of the muscle are supplied. There is thus, as

it were, a balance between the two processes. When,
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however, the muscle is excited to very frequent con-

traction, the products of waste accumulate in the muscle,

and probably also sufficient time is not allowed for the

supply of reparative material. Fatigue diminishes the co-

hesion of muscle, it has apparently little or no effect upon

its elasticity, it lowers irritability, and it lengthens the

period of latent stimulation. The contraction of a fatigued

muscle is of smaller amplitude and of longer duration, as

seen in Fig. 23, p. 120. During fatigue a muscle returns

to its original length more slowly after a contraction. As
has been already stated, the work done diminishes rapidly

during fatigue.

According to Kronecker, a muscle is fatigued more

quickly when it works than when it contracts without

accomplishing work, or when it is in tetanus. The fatigue

which follows work depends upon the amount of the resist-

ance to be overcome by the work, and the time during

which the resistance acts against the muscle. The capacity

for work diminishes with the elevation of temperature, and

if the temperature do not pass a certain limit, about 40° C.

for the muscle of a frog, the muscle may recover its original

power by the application of cold.

h. The Muscular Sound.

When a stethoscope is firmly applied over a power-

fully-contracting muscle, such as the biceps in a mus-

cular man, a deep tone is heard, which is joroduced by

about twenty vibrations per second. It may also be

heard during profound stillness, as in the middle of the

night, on stopping the ears and powerfully contracting the

muscles of mastication. The muscular sound, according

to Helmholtz, is produced by the successive shortenings

which, as we have seen, make up a muscular contraction.

i
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It is probable that the sound heard is not that due to twenty

vibrations per second, which number of impulses on the ear

would not produce the sensation of a tone, but to forty-

vibrations per second, or the fi^'st harmonic of the prime

tone.

The existence of the muscular tone renders it probable

that to secure the contraction of a voluntary muscle in man
during life, from twenty to thirty impulses per second are

transmitted from the nerve-centres to the muscle along the

motor nerves.

i. Cadaveric Rigidity.

Soon after death, muscles become firm and solid; they

oppose a great resistance to extension, and when ex-

tended do not return to their original length. Their

tonicity has disappeared, so that when cut across they do

not retract. The muscle substance, when seen in thin

section, has lost its transparency. In this condition, also,

muscular irritability has been lost, but within a certain

limit of time after its disappearance it may return on

injecting arterial blood into the arteries. The muscle is

strongly acid, a reaction due to the presence of lactic and

carbonic acids. Cadaveric rigidity is due to coagulation of

myosine. Kigidity may commence from a quarter of an

hour to twenty hours after death. It occurs more quickly

in exhausted than in well-nourished muscles. It lasts from

several hours to several days, and when it comes on slowly,

as in the muscles of a healthy well-nourished man killed

accidentally, it lasts for a long time. After cadaveric rigidity

has passed off, putrefaction begins.

Various theories have been advanced as to the intimate

nature of muscular contraction, but they are too vague and

of too little practical import to fall within the design of this

work.
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b.—non-striated muscular fibre.

1. Structure of Non-striated Muscle.

This variety of tissue consists of a large number of fusi-

form nucleated cells, forming a series of flattened bands.

Tbe colour of involuntary as contrasted with voluntary

muscles is generally pale ; the fasciculated arrangement of

their fibres less distinct; the fasciculi smaller, and pre-

senting frequent interlacement or reticulation with each

other, by the union of whole bundles or of portions of them;

there is a less quantity of connective tissue separating the

fasciculi from each other; and there is generally a total

absence of tendinous attachment of the fibres. The fasciculi

of involuntary muscular fibres are also, for the most part,

disposed in layers round hollow or tubular cavities, the

fibres in some instances running in a longitudinal direction

corresponding to the axis of the tube, but more frequently

in a transverse or circular manner. The single muscular

fibres of the involuntary muscles are of a much smaller size

than those of the voluntary muscles, their diameter being

generally from 2-0^00 "to 30V0 '^^ ^^ inch. They have, the

form of somewhat flattened and prismatic fibres, in which it

is impossible to perceive a tube of sarcolemma and distinct

sarcous elements. The fibres are destitute of any regular

transverse striae, but in favourable circumstances for obser-

vation they present an obscurely granular appearance, which

indicates that the substance of involuntary muscular fibre

may be composed of imperfectly formed sarcous elements.

The observation of minute single contractile fibrillse in some

of the lower animals, even though distinct striae are absent,

supports this view.

The bloodvessels have nearly the same mode of distribu-

tion as in the voluntary muscles. The nerves are princi-



NON-STRIATED MUSCLE. 137

pally derived from those of the ganglionic system. The

muscular substance of the heart agrees with the other

involuntary muscles in its general arrangement; but its

colour and minute structure resemble, in some respects,

more nearly those of the voluntary muscles. The fibres are

intermediate in size between those of the two kinds, and

present in general very obvious striae, and frequently a

tendency to division and apparent anastomosis.

2. Physical and Chemical Properties of Non-striateb

Muscle.

The physical properties of non-striated muscular tissue,

such as cohesion, elasticity, &c., have not been investigated

with sufficient precision to warrant distinct statements about

them. The chemical constitution of the tissue does not

appear to differ from that of striated muscular fibre.

3. YiTAL Properties of Non-striated Muscle.

When stimulated, either directly, by mechanical, chemical,

or thermal stimuli, or by a nervous impulse, involuntary

muscle contracts. The period of latent stimulation is longer

than in striated muscle, and the contraction takes place

slowly, and lasts for a lengthened period. The general

Fig. 35.—Tracing of the contraction' of non-striated niTiscular fibre.

The upper line was obtained from the contracting stomach, and the
lower from the contracting bladder of a dog. The horizontal mark
indicates the moment of application of the stimulus. In this tracing,
1 centimetre = 6 seconds.

character of the contraction may be seen in the movements

of the intestine of a recently killed warm-blooded animal.

Paul Bert has succeeded in obtaining a tracing of the
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contraction of non-striated muscle, as manifested by the

movement of the walls of a viscus, which is shown in

Fig. 35.

Marey has shown that the contraction of non-striated

muscle is not made up of a series of lesser contractions, as

in striated muscle, but of one single contraction, which may
be of greater or less duration. According to Englemann,

a stimulus applied to a group of non-striated fibres is

propagated to neighbouring fibres, and thus the stimulus

may radiate in various directions, even in tissues containing

no nerves. The interesting observations of Foster on the

<;ontractions of the heart of a snail, and of Romanes on the

transmission of impulses in the bodies of MeduscB, support

the statement. Organs containing non-striated muscle fre-

quently show rhythmical movements.

It is difficult to estimate experimentally the work done

by this kind of fibre, but when we consider the force of the

bladder in expelling urine, and still more the force of the

uterus in parturition, it must evidently be very great.

Nothing definite is known regarding the conditions of

fatigue. According to Beaunis, the state of cadaveric

rigidity occurs to a slight extent.

In ordinary circumstances, organs composed of non-striated

muscle are only feebly sensitive, but occasionally they

become so sensitive as to give rise to ill-defined sensations of

discomfort, or even of pain.

Distribution of Muscular Fibres.—Striated fibres exist in

all the voluntary muscles of the body, and in a few muscular

parts not directly under the control of the will, as in the

heart, pharynx, and upper part of the gullet, tensor tym-

pani, and muscles covering the urethra, &c. Unstriated

fibre is found in the lower part of the gullet, and thence

throughout the whole alimentary canal (except the sphincter),
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in the urinary bladder, ureters, and urethra, in the uterus,

vagina, and Fallopian tubes, in the trachea and bronchial

tubes, and in the iris.

The following is an enumeration of some other parts

exhibiting the phenomena of contractility, but without

the obvious muscular character of most of the preceding.

In these parts contractility is due to muscular fibres,

analogous to those of the unstriated kind. 1. Circular

fibrous coat of the arteries and absorbent vessels. 2. Ex-

cretory ducts of most of the glands, wall of the gall-bladder,

(fee. 3. Tunica dartos, skin of the nipple, and in the true

skin generally. In all of these situations, fibres having the

same characters as those of the involuntary muscles, exist

either in considerable quantity separately, or mixed in

smaller proportion with the other structural elements of

the part, and where connective tissue abounds, it is fre-

quently by no means easy to identify the few involuntary

fusiform cells that may be present. (Allen Thomson.)

Consult Peochaska, De Carne Musculari in Oper. Min,, 1800;

Bowman in Trans. Eoy. Soc. London, 1840, and art. Muscle in

Cyclop, of Anat. and Physiol.; Todd and Bowman, Anat. and

Pliys.; and Sharpey and Schafer in Quain's Anat., eighth ed.,

vol. II, pp. 107-125; Marey, Du Mouvement dans les Fonctions de

la Vie, 1888; Wundt's Physiologic Humaine, p. 372 et seq. ; Beaunis'

Physiologic, p. 259, et seq.; for full details as to the experimental

study of the functions of muscle, see account by Michael Foster in

Handbook for the Physiological Laboratory, p. 341; also Cyon's

Methodik der Physiologischen Experimenti und Vivisectionen,Funftes
Capitel. For sketches of apparatus, see the Atlas of the same work,

and also Gscheidlen's Physiologischen Methodik. Foster's Text

Book of Physiology, p. 33, et seq.', also Marey's Animal Mechan-

ism, chaps. IV, V, and VI. As to the production of heat in

muscular work, see Matteucci, Sur les Phenomenes Physiques

et Chemiques de la Contraction Musculaire (Comptes Bend., 1856,

t. XLII); J. Beclard, De la Contraction Musculaire dans ses rap-

ports avec la Temperature Animale (Arch. Geuer. de Med., 1861,

5« serie, t. XVIl, p. 24); Heidexhain, Mechanische Leistung,
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WarmentwickluBg und Stojffumsatz bei der Muskelthatigkeit, Leip-

zig, 1864; WuNDT, Physique Medicals, p. 535. For full details in

matters relating to electro-physiology, see Morgan's Electro-Physi-

ology; Du Bois-PEyMOND's Untersuchungen uber thierische Elec-

tricitat, t. I et IT. A resum6 of all that was previously written on

this subject is given in Du Bois-Peymond's work. Consult also

Blanp Padcliffe on Muscular Motion, Lond., 1876.

v.—CAPTILAGINOUS AND OSSEOUS TISSUES.

"Without entering into minute histological details, for

which reference is made to works on histology, it is necessary

to state briefly the facts regarding cartilage and bone.

1. General Structure of Cartilaginous Tissues.

These very firm and elastic substances are employed in the

skeleton, and in some other parts of the body, when strong

union, with some degree of yielding, or where great smooth-

ness, and consequent free motion of the articular surfaces of

bones on one another are required, and they are also made

use of when a particular form is to be maintained in soft,

moving parts, without adding greatly to their weight, and

where the shock of sudden concussions is to be prevented by

elasticity. Cartilage also forms a temporary frame-work for

the soft parts during foetal life, and by degrees gives place

to the firmer frame-work of the osseous skeleton, characteris-

tic of adult life.

Two kinds of these textures are to be distinguished—viz.,

Cartilage and Fibro-cartilage, the latter passing in some

instances into an entirely fibrous substance.

Cartilage Cells.—These are round, oval, or crescentic in

form. They consist of a mass of homogeneous or slightly

granulated protoplasm, which contracts on the application

of an electrical stimulus. Lying amongst the protoplasm
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there is always a small nucleus, and frequently there are

also minute globules of oil, or particles of finely molecular

mineral matter. Cartilage cells multiply by endogenous

cell formation.

There are several varieties of each of the cartilaginous

textures, which differ in their anatomical structure, physical

properties, and chemical composition.

1. True Cartilage consists of a firm, clear matrix, in

which are embedded numerous minute cells. To this form

belong (1) temijorary cartilage, w^hicli precedes ossification

in the different bones; and (2) 'permanent cartilage, among

which may be enumerated articular or hyaline, nasal, laryn-

geal and tracheal, costal and xiphoid cartilages.

2. ^z6ro-car^27a^e consists of two varieties. (1) The soft,

spongy, or yellow^ fibro-cartilages consist of cells which are

embedded in a felt-like fibrous matrix. The cartilages of

the external auricle and meatus, the Eustachian tube, the

epiglottis, and the small bodies of Santorini and the tarsal

plates belong to this division. (2) White fibro-cartilage

consists of a mixture of cartilaginous cells with a fibrous

texture, and in many of the parts formed of this sub-

stance the quantity of fibrous texture greatly preponderates

over that of the cells, and in some, indeed, entirely ex-

cludes them. To the various kinds of this texture belong

the intervertebral substance, the uniting substance of the

pubic and sacro-iliac symphyses, the interarticular plates of

the sterno- clavicular, tempore -maxillary, knee and wrist-

joints ; the substance serving to deepen the borders of the

acetabulum and glenoid cavity of the shoulder-joint; the

tendinous sheaths, and the sesamoid bodies occurring in

some of the tendons ; but some of these, which are rather

fibrous than cartilaginous plates, are covered with a thin

layer of true cartilage. (Allen Thomson.)

There are some kinds of true cartilage which make an
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approach to the spongy form, such as the costal cartilages

;

in these the solid matrix is not so clear, but presents a

granular, and even, in some instances, a slightly fibrous

structure. This fibrous appearance of the matrix is not

perceptible in youth, and increases as life advances.

In articular cartilage the cells are arranged in groups,

which, towards the surface, are disposed in laminar plates

lying parallel to the surface of friction ; but in the other

parts of it they generally present rather the appearance of

short columns placed perpendicularly to the surface.

In true permanent cartilage the solid matrix has gene-

rally, in the mature state, encroached upon the wall and

cavity of the cells, so as to cause their partial oblitera-

tion. In the young state of true cartilage, and in the

spongy cartilages, the separate cells are much more easily

perceived.

All the cartilages (excepting the articular) and the fibro-

cartilages are covered by a fibrous membrane, the loeri-

clioncWiutii, in which the bloodvessels ramify in considerable

quantity. These bloodvessels penetrate into the fibrous

parts of some of the fibro-cartilages, but rarely into the true

cartilages. In some, as the costal cartilages, though not

distributed minutely in the texture, the bloodvessels pass

into cavities within it; and this is observed also in the

cartilage of ossification, near the ossifying surface.

Cartilage is originally developed from a cellular blastema.

In the first stage the cells are set close together in a fluid or

soft substance which is in small quantity. Subsequently an

intervening solid substance makes its appearance between

the cells, and by its increase and encyroachment upon the

cavities of the cells, it separates them to a greater distance

from each other. The farther growth of cartilage is believed

to take place, in part by the endogenous production of cells

within those previously existing, and in part by the inde-
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pendent formation of new cells, or their development from

nuclei, in the solid blastema or intervening substance ; the

matrix, at the same time, probably also extending itself in

some degree.

2. General Structuue of Bone.

The substance of bone, which composes the hardest part

of the skeleton, is best known in the dried state, when it

has been freed by previous maceration from some other

matters, which, in the recent state, are combined with it,

1st, A fresh bone consists of the osseous substance arranged

in a more or less compact or loose form in various parts of

the bones ; 2nd, The cavities of the harder bony substance

are filled with the fatty medulla or marrow, and with the

areolar tissue and cells, and are permeated by bloodvessels,

&c.; 3rd, The external surface of the bones (excepting at the

articular surfaces, which are tipped with cartilage) is covered

by a dense fibro-vascular membrane, the periosteum; and

the larger cavities within the bones are lined by a more

delicate membrane, termed medullary membrane or endos-

teum. Small bloodvessels run into the substance of bone

from the periosteum through numerous pores over all the

outer surface ; and, in a variety of situations, more especially

towards the extremities and borders of the bones, larger

bloodvessels pass into the interior through foramina of a

considerable size.

Pores may be detected even in the most compact sub-

stance of bones ; these pores, which may be seen in a broken

portion of the compact substance of bone, are the ends of a

set of tubular reticulated passages, called canals of Havers,

which run everywhere through the bone, some of them

opening on the exterior, others in the medullary cavity or in

the cancelli of the bone. The diameter of these passages
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varies from -g^o to y oVo of an inch j they transmit blood-

vessels through the compact bony substance.

In viewing thin polished sections of the compact bony

substance with the Eiicroscope, it is seen to be arranged in

lamince, the greater number of which are concentrically

arranged round the Haversian canals, while others are

parallel to the walls of the cancelli, or to the inner and

outer surface of the whole bone. Between these laminae are

observed dark, elongated, lenticular, jagged spots, which

are termed lacunce, being in dry preparations cavities in the

hard bony substance. In living bone, each lacuna is occu-

pied by a small, irregularly shaped mass of protoplasm,

called a hone-cell. Sometimes the bone-cell has a stellate

form, and the radiating processes pass into the canaliculi about

to be described. Farther, the bony laminae are observed to

be traversed by fine tubes, which appear to radiate from the

lacunse in a somewhat irregular manner, and form fine and

very numerous passages between the difierent lacunae, and

from them through the bony laminae, on the one hand, to

the external surface of the bone, and on the other, to the

internal surface of the Haversian canals, cancelli, or medul-

lary cavity. These fine tubes or canaliculi transmit fluids.

They are from
x-g- o o o ^^ 25-ao o of an inch in diameter, the

lacunae being from xt)Vo *» ^oVo-

The nature of the smallest or ultimate particles of the

solid bony substance lying between these canaliculi has not

yet been exactly ascertained. The concentric arrangement

of laminae in bone, may still be clearly perceived in the

animal part, from which the earthy matter has been removed

by an acid; and, further, it is found that each lamina

may be torn into much finer layers or thin shreds, which

appear to consist of very minute crossing or interlaced fibres,

—an observation which would lead to the view that the

ultimate structure of the bony texture is minutely fibrous.
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The finest particles of the earthy substance of bone, obtained

by calcination, are described as being minute granules of

about T2"Jo of an inch in diameter.

The marrow exists only in the adult bones ; it extends

into the cancelli, and even into the larger Haversian canals.

In birds, the large respiratory air-cells communicate with

air-cavities in most of the larger bones, corresponding with

the spaces occupied by marrow in other animals. In order

to secure lightness in a similar manner, some of the bones of

the head in man and mammalia admit air into their cavities

or sinuses.

In the long bones marrow is met with as a yellow mass,

consisting princijDally of fat-cells. In the epiphyses, and in

the flat and short bones, the marrow is of a reddish colour

and of a softer consistence, and contains, in addition to fat-

cells, numerous small contractile nucleated masses of proto-

plasm. There are also found larger masses of protoplasm,

of irregular form, and containing numerous nuclei. These

have been termed '' giant cells,'^ or myeloplaxes. The cellular

elements of marrow are embedded amongst fine connective

iissue.

Bone is one of the partially vascular textures, being

pierced everywhere by minute bloodvessels, which pass

into the canals of Havers, and its other cavities, so that

scarcely any portion of bone, more than yi^- of an inch in

diameter, is withoitt a bloodvessel. As the greater number

of bloodvessels which run into the adjacent portion of bone,

previously ramify in the periosteum covering it, the destruc-

tion or separation of the periosteum is liable to be followed

by the death of the adjacent part of the bone, and the

complete destruction of the marrow sometimes induces the

same effect, for a like reason, seeing that the bloodvessels of

the innermost parts of the bone are connected with those of

the medullary membrane.
K
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The arteries and veins, for the most part, run in distinct

cavities of the bone ; the large principal artery of the

medulla, such as that which pierces the shaft of a long bone,

is generally called the nutritious artery. The veins are

numerous and large. Lymphatic vessels and nerves have

been traced in small numbers along with bloodvessels, into

the interior of the bones.

3. Formation and Growth of Bone.

Bone may be formed in one of two ways:—(1) by

ossification in membrane ; and (2) by ossification in car-

tilage. Full details regarding these processes will be found

in Quain's Anatomy, vol. II., p. 94 et seq. ; and it is there-

fore unnecessary to describe them in this work.

4. Chemistry of Cartilage and Bone.

Cartilage contains from 54 to 70 per cent, of water, a

substance termed chondrine, which it yields on prolonged

boiling, a small quantity of fat, and from 2 to 3 per cent.

of salts. The salts consist of phosphates of lime, and of

magnesia, chloride of sodium, carbonate of soda, and sul-

phates of soda and of potash. It is to be noted that cartilage

contains only a very small proportion of salts of potash.

Age increases the amount of salts found in cartilage.

The organic basis of bone consists of a substance named

collagene, which yields gelatine on boiling. The salts

contained in bone consist chiefly of the tri-basic phosphate

of lime, phosphate of magnesia, carbonate of lime, chlorides

of sodium and of potassium, and fluoride of calcium. Analy-

sis also yields a small quantity of albumen, fat, and alkaline

sulphates, which are probably derived from the bloodvessels

and nerves of bone. It is probable that the earthy matter

is simjDly infiltrated into the organic substance of bone, and
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that it is not in a state of actual chemical combination

with it.

The following analyses of bone show its composition

in 1000 parts :

—

Femur of man Femur.
aged 30 years.

Compact Spongy
tissue. tissue.

Organic matter, 310 '3 314-7 358-2

Mineral matter, 689-7 685-3 641-8

1000-0 1000-0 1000-0

The mineral matter consisted of—
Phosphate of lime,

Fluoride of calcium, ' '

. 596-3 582-3 428-2

Carbonate of lime, . . . . 73-3 83-5 193-7

Phosphate of magnesia, . 13-2 10-3 10-0

Chloride of sodium, &c., . 6-9 9-2 9-9

689-7 685-3 641-8

The organic matter consisted of—
Fat, 13-3

I

Collagene, 297 -0
^

314-7 358-2

310-3 314-7 358-2

The long bones of the skeleton are somewhat richer in

mineral matter than the others. Phosphate of lime, as the

above analysis shows, exists in larger amount in compact

than in spongy bone. The bones of herbivora are richer in

carbonate of lime than those of carnivora. Salts become

more abundant as age advances, so that the bones become

more brittle. It has been found possible, by giving food

to an animal containing salts of alumina or strontia, to

replace part of the lime in bone by one or other of these

substances, without altering the structure and general pro-

perties of bone.
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5. YiTAL Properties of Cartilage and Bone.

In the healthy state no bloodvessels enter articular

cartilages, and they therefore derive their nourishment

from the vessels of adjoining textures, more especially

from bone, by a process of imbibition. Where cartilage

exists in large masses, canals may be formed in its substance

for the conveyance of bloodvessels, but cartilage never con-

tains a plexus of capillaries. Cartilage is devoid of sensi-

bility.

The nutrition of bone, even in the adult, is active, as is

shown by the morphological changes which it may undergo

in the course of disease. The bones are well supplied with

bloodvessels, which are derived partly from periosteal ves-

sels, and partly from vessels in the medullary canal. Fine

vessels run through all parts of the compact tissue in the

Haversian canals. From these nutritious fluid permeates

the substance of the bone, in all probability by the canaliculi

uniting the masses of protoplasm in the lacunae.

Bone in the healthy condition is only feebly sensitive;

but when inflamed, especially near the periosteal surface, it

may become acutely painful.

Cartilage forms the framework of the skeleton of the

embryo, and gradually is replaced by bone until only the

permanent cartilages are left. These form smooth surfaces

in the joints, and thus allow the various parts of the

skeleton to move on each other with a minimum of friction,

while, by their consistence and elasticity, they break the

force of concussion, and utilize energy in the most efiective

manner. Certain of the permanent cartilages also enter into

the formation of the external ear, the nose, the eyelids, the

Eustachian tube, the larynx, and the windpipe, maintaining

the form of these organs, and giving attachment to muscles

and ligaments.
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Bones in the adult form the framework of the skeleton^

Some may be regarded as the passive organs of locomotion,

while others form, with the soft parts, the cavities of the

body, and also serve as protective structures for delicate

organs.

As to structure and general properties of Cartilage, consult

Shaepey and Schafer in Qiiain's Anat., Vol. II., p. 72. Eol-

LETT, in Steicker's Human and Comparative Physiology, Vol.

L, p. 96. Klein, in Handbook for the Physiological Labora-

tory, p. 46. As to effects of electricity on cartilage cells, see

EoLLETT, ut supra; and for a more detailed account, Heidenhain,

Studien des Physiologischen Instituts zu Breslau, Heft 2, Leipzig,

1863, p. 1. As to the effects of irritation on cartilage causing inflam-

matory changes, see Eedfern's original paper. Monthly Journal of

the Medical Sciences, 1850. Eegarding structure and development

of bone, consult Tomes' Art. "Osseous Tissue," in the Cyclop, of

Anat. and Physiol.; Tomes' and De Morgan, Phil. Trans., 1853,

part I., p. 109; Sharpey and Schafer, Quain's Anat. p. 79;

Eollett, ut supra, p. 115. As to marrow, consult Eobin, Journal

de I'Anatomie et de la Physiologic, 1864, p. 88.

VI.—THE NEEVOUS TISSUES.

The nervous system, considered with a view to its functions,

may be regarded as consisting of three sets of organs acting in

a different manner : the first central, the second peripheral,

and the third intermediate. The first consists of various

forms of nerve cells; the second of certain structures termed

terminal organs, which exist in the organs of special sense,

the muscles, and perhaps in the walls of bloodvessels and in

the ultimate structures of glands; and the third, of nerves,

which are cords distributed through the various organs of

the body, and which perform a function chiefly, if not

solely, of a communicating or internuncial kind. The
nerve cells are aggregated in certain parts of the body into

masses, forming the cerebro-spinal axis and various ganglia.
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the special functions of wliich, as well as those of the ter-

minal organs, will be described in treating of the nervous

system and senses. Here, however, we will describe the

general properties of nervous tissue, and also a few of the

simpler forms of nervous action, which the student ought to

be acquainted with at this early period of his studies.

1, Structure of Nervous Tissue.

a. Nerve Cells.

Nerve cells are the essential parts of the central nervous

organs and of ganglia. They consist of cells formed of

finely-granular protoplasm containing a nucleus. They vary

much in form and size. The existence of a cell wall is

doubtful. Almost all are furnished with prolongations

which are continuous with nerve fibres. These prolcmga-

tions are termed j^oles, and according to the number in

€onnection with a cell, it is termed unipolar, bi-polar, tri-

polar, and multipolar. Some cells appear to be a-polar, but

it is very probable that in these cases the fragile poles have

been torn away in the course of preparation. Each multi-

polar nerve cell possesses (1) a process which is directly

continuous with the central part, termed the axis-cylinder,

of a nerve fibre; and (2) of several more slender proto-

plasmic processes which are also continuous with the axis-

cylinders of smaller nerves. The following general facts

may be noted :

—

1. A-ijolar nerve cells are found in ganglia, such as the

Gasserian ganglion and the sympathetic ganglia.

2. Uniijolar nerve cells are probably never met with.

Sometimes the large cells found at the margin of the

granular layer of the cerebellum are described as

such, but these have in reality two poles.
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3. Bi-polar nerve cells are formed in tlie ganglia on the

posterior roots of the spinal nerves, and may be well

seen in the skate. (Allen Thomson.)

4. Tri-polar nerve cells are usually mentioned as existing

in the deeper layers of the grey matter of cerebral

convolutions; but such cells are better described as

jyyramidal, having a pole issuing from each angle of

the pyramid, and another from the centre of its base.

5. Multipolar nerve cells are characteristic of the grey

matter of the spinal cord.

6. Cells having two fibres in connection with them, one

of which is coiled spirally round the other, have been

described by Lionel Beale and J. Arnold.

In the central nervous masses the cells lie amongst a

stroma of very delicate connective tissue termed neuroglia.

b. Nerve Fibres.

I^erve fibres exist in the nerve trunks and their rami-

fications, of which the}^ form the essential jDart, and in nerve

centres and ganglia, where they are in connection with nerve

cells. The nerve fibres, in the fresh condition, present the

appearance of a homogeneous mass, strongly refracting light,

and contained in a translucent membrane. After death, and

under the influence of certain re-agents, an ultimate nerve fibre

presents the following parts :—(1) a delicate and perfectly

transparent sheath, within which there is (2) a cylinder com-

posed of perfectly transparent, highly refractive matter, termed

the lohite substance of Schwann. Lastly (3) there is in the

centre of the nerve fibre a rod of semi-fluid matter, termed

the axis-cylinder. The axis-cylinder coagulates after death,

or on the addition of various re-agents, when it may be

described as a fibre , but it is important to notice that

duriug life both it and the white substance surrounding it
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are in a semi-fluid condition. Ranvier has demonstrated^

by tlie use of a solution of perosmic acid, OsO^, which,

under the influence of light, blackens the white substance,

that the white substance is interrupted at regular intervals,

whilst the axis-cylinder is continuous. These interruptions

are known as the nodes of Eanvier. Delicate nerve fibres,

such, as are found in the grey matter of the cerebral con-

volutions, have no white substance. When nerve fibres,

such as those just described, are seen in the fresh condition

by transmitted light, they present the appearance of a double

contour ; that is, two delicate lines on each side of a clear

band. This appearance is characteristic of the great

majority of nerve fibres found in the cerebro-spinal centres,

and in ordinary nerves. In the nerves and ganglia of the

sympathetic system, however, the fibres do not present the

double contour, and they appear to be flattened bands,

having nuclei in their substance at irregular intervals.

Such fibres are sometimes termed non-medullated, or the

fibres of Remak, after their discoverer.

The most important part of the nerve fibre, so far as

conduction is concerned, is the axis-cylinder; which, as

already stated, is continuous with the poles or processes

of nerve cells. The application of certain chemical re-agents,

such as nitrate of silver and chloride of gold, is sometimes

followed by the appearance of longitudinal striae in the

axis-cylinder, indicating that possibly it may be composed of

a large number of extremely delicate fibres.

Nerves visible to the naked eye consist of varying numbers

of nerve fibres, bound together by a delicate sheath of con-

nective tissue, which may send sejotse inwards, so as to

divide the fibres into groups. The sheath of connective i

tissue is sometimes termed the neurilemma. When a trans- "(

verse section of a nerve, stained with carmine, is examined

with a magnifying power of 500 diameters, it is easy
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to observe that it is composed of nerve fibres of difierent

diameters, and that these are arranged in bundles.

c. Terminal Organs.

These are structures of various forms, according to the

organ in which they are found. As examples, the following-

may be mentioned :—the end-plates in voluntary muscle ; the

touch-bodies of various kinds found in the skin ; the taste-

bodies found in the tongue; the apparatus in the nasal

passages, connected with the olfactory nerve ; the rods and

cones of the retina ; and the hair-like processes found in the

internal ear. A description of the minute structure of these

organs will be given in treating of the physiology of the

senses.

2. Chemistry of Nervous Tissue.

It is manifestly almost impossible to obtain a chemi-

cal analysis of nerve cells, apart from nerve fibres and

connective tissue. Consequently, our knowledge of the

chemistry of nervous tissue is still very imperfect. Nervous

tissue contains a considerable quantity of fatty matter, and

fat also exists in the white substance of Schwann. The

reaction of living nervous tissue is neutral, but it becomes

acid after death. It has been found that the chemical

composition of nerves resembles that of masses of cerebral

matter, of which the following table shows roughly the

composition in 100 parts :

—

Water,

Sohds,

Grey matter
(nerve cells).

White matter
(nerve fibres).

81-6 68-3

. 18-4 31-7

100 ... 100-0
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In 100 parte of perfectly dry cerebral matter :

—

Grey matter. White matter.

Albuminoids, . 55-6 24-7

Lecithine,. . 17-2 9-9

Cholestriue and fats, . . 18-6 52-1

Cerebrine,.... 0-5 9-5

Substances insoluble in ether, 6-7 3-3

Salts, .... 1-4

100-0

0-5

100-0

The salts found in nervous matter are similar to tbose in

blood, and it is remarkable to observe the large amounts of

phosphates and of potash. The following analysis has been

given of 100 parts of the salts obtained from cerebral

matter :

—

Potash, ....
Soda,
Magnesia, ....
Lime,
Chloride of sodium,
Phosphate of iron, .

32-42
10-69
1-23

0-72
4-74
1-23

Total = 100.

Phosphoric acid in com-
] qo ao

bination, . . . . (

"^-^ "^

Free phosphoric acid, . 8-78

Sulphuric acid, ... 075
Silica, 0-42

Xervous matter has also yielded to the chemist many
nitrogenous derivatives, such as creatine, creatinine, leucine,

xanthine, urea, uric acid, &c. The student should contrast

the composition of white with grey matter.

3. Physical Properties of ^Tervous Tissue.

a. General Properties.

Grey matter is soft and diffluent. The white matter,

even in nerves, presents little consistence or cohesion, and

what it has is probably due to the connective tissue it con-

tains. The elasticity of nerves is very imperfect. White

matter, consisting entirely of nerve fibres, according to

Panke, absorbs fluids containins: difierent saline substances
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at very difierent rates. Thus, chloride of sodium is not

absorbed at all, sulphate of soda is absorbed only in small

amount, while the acid phosphate of soda and the salts of

potash are absorbed with avidity.

b. Production of Heat.

Valentine has observed a constant production of heat

during the state of activity of a nerve. It is of snch small

amount as to be scarcely perceptible even with the most

delicate thermo-electric appliances.

c. Electrical Properties.

When a portion of living nerve is placed on the cushions

of the galvanometer, in the manner already described with

reference to muscle, so that the transverse section touches

one cushion, whilst the longitudinal surface touches the

other, a current passes through the circuit of the galvano-

meter from the longitudinal surface to the transverse sec-

tion, and when a nerve is excited to action, there is a

negative variation of this current. It will be observed that

the phenomena are precisely the same as in the case of

muscle.

4. Vital Properties of Nervous Tissue.

a. Nutrition.

Grey matter, consisting of nerve cells, has always a

greater supply of blood than white matter, as indicated

by the richness of the capillary network. Nerve cells

derive their nourishment from plasma transuding from the

capillaries, but it is important to note that the nutrition of

the nerve cell influences that of the nerve fibres with which

it is connected. It was shown by Waller that when a nerve

is separated from its trophic nerve centre, such as the grey
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matter of the spinal cord for the motor roots, and the

ganglia on the posterior root for the sensory roots, the end

of the nerve separated from the centre undergoes fatty

degeneration. This degeneration may affect not only the

whole nerve, but even the end-plates in a muscle. These

phenomena, which commence in warm-blooded animals on

the fourth day after the operation, and much later in cold-

blooded animals, are grouped under the general name of the

LaiD of Waller.

According to Ranvier, nerve fibres lie in lymphatic

spaces, and the plasma containing nutritive materials reaches

the axis cylinder at the points where the white substance of

Schwann is deficient,—the nodes of Ranvier above mentioned.

Active nerve substance absorbs oxygen a.nd eliminates

carbonic acid. The chemical substances which may be pro-

duced by the decomposition of nervous matter during a state

of activity are quite unknown.

When a nerve is cut in a mammal, the ends may reunite

so completely as to ensure a return of the normal function

of the nerve in from two to five weeks. Surgeons have

frequently observed a return of sensibility to a part some

time after section of the nerve supplying it, a fact which

may be explained either by reunion of the nerve or by

the establishment of new routes of transmission through

anastomosing fibres.

b. Nervous Excitahility.

When a nerve is irritated in any part of its course,

a condition is excited in its fibres which is transmitted

along the fibres with a certain velocity, and which may

produce ultimate effects of various kinds, depending upon

the nature of the structures at the end of the fibres.

This property of responding to a stimulus is termed

excitability, and the property of the nerve by which a



NER VOUS EXCITA BILITY. 157

change excited in it is conveyed towards its extremities is

known as conductivity. As just stated, the phenomena

foUo^ving stimulation of a nerve may be of various kinds.

Thus there may be contraction of a muscle if the nerve ter-

minates in a muscle ; change of the calibre of a bloodvessel if

the nerve ends in that structure; secretion from a gland if the

nerve is in connection either with the vessels or the nerve

cells of the gland; and 2^ feeling of pain or of pleasure if the

nerve fibres go to a sentient brain. In all of these instances,

the nature of the change in the nerve and the mode of its

transmission is the same, and the results are different

because the nerves terminate in different kinds of structure.

The intimate nature of the change in a nerve fibre effected

by a stimulus is quite unknown ; but it is important to

appreciate clearly that a nerve is both a receiver and a

conductor of impressions. It is impossible at present to say

whether an influence transmitted alona; a nerve is analoofous

to the passage of electricity along a conductor, or to a rapid

passage onwards from the point of stimulation of some form

of chemical action or isomeric transformation. We only

know the fact, and it is more j^hilosophical to examine the

conditions of nervous action than to speculate regarding its

exact mechanism.

One of the conditions of nervous excitability is that there

be periods of repose and of activity. A high state of

activity, though lasting only for a short time, and prolonged

activity, soon produce a feeling of fatigue, and if too long

continued, may abolish excitability altogether. On the

other hand, a lengthened period of absolute rest lowers

excitability, and if this state be continued too long, there

may be wasting and degeneration of the nerve.

Heat up to a certain temperature, which varies in

different species of animals, augments, while cold diminishes,

excitability. A deficient supply of blood, as when the main
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artery of a limb is ligatured, is quickly followed by a fall of

excitability. Slight drying increases excitability, as may be

frequently seen in the nerve-muscle preparation used in

physiological experiments. Potash, potash salts, the acids,

&c., abolish, whilst a weak solution of common salt con-

serves, excitability. According to Eckhard, it is inde-

pendent of oxygen.

When a nerve is divided from the nerve centres, excita-

bility disappears from it progressively from the section

towards the termination of the nerve, but in each succes-

sive segment the disappearance of excitability is preceded

by a period of exaggeration.

Nerves may be excited by various kinds of stimuli. The

normal stimulus arises either from nerve cells in the great

centres, or perhaps in ganglia, or from the terminal organs,

or from delicate impressions made directly on the nerve in

such surfaces as the skin and mucous membranes. Nerves

may also be excited mechanically, as by pressure, beating,

section, pricking, &c. ; electrically, by the application of

continuous or induced currents ', thermally, by variation of

temperature; or chemically, by such substances as acids,

alkalies, metallic salts, (fee. It is to be observed, however,

that whatever may be the nature of the stimulus, the result

in the case of a particular nerve will always be the same.

Thus any kind of interrupted stimulus applied to a motor

nerve, if of sufficient intensity and lasting for a sufficient

length of time, will always produce tetanus. The special

effect of electricity on nerves will be better appreciated aftei-

discussing the facts regarding the conductivity of nerve.

c. Nervous Conductivity.

When a change is produced at one point of a nerve by a

stimulus, it travels along the nerve with a certain rapidity.

This transmission is sometimes called the nerve current.
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The ^'elocity of the nerve current in a motor nerve was first

determined by Helmholtz. Various methods of measurement

have been adopted by physiologists from time to time ', but

the general principle of all the methods is to cause a muscle

to contract by successively irritating two points of a nerve

more or less distant from the muscle, and to obtain a record

Fig. 36.—Arrangement of apparatus for measuring the rapidity of

the nerve current, a, Daniel's element; h, primary coil of induction
machine; c, secondarj^ coil; d, Polil's commutator for directing the
induction shock either along the wires h or the wires i to the electrodes
in the vulcanite box e at e or k. This part of the apparatus is also seen
in Fig. 17, VII and VIII. /, spring myograph, consisting of smoked-
glass plate, which is driven in front of the stj-let by the recoil of the
spring seen to the right of the apparatus. Above the lever of the
myograph the muscle is secured by fixing the lower end of the femur
in the brass forceps, and the nerve is stretched across the electrodes e.

These electrodes consist of an elongated vulcanite box into which
platinum wires are fixed at e and k. The roof of the box is formed of

a copper plate, and through it, from the funnel m, either hot or cold
water may be allowed to flow through an indiarubber tube to the
beaker g. The latter arrangement is for the purpose of subjecting the
nerve to different temperatures.

of the contracting muscle upon a rapidly-moving surface.

It is evident that the distance between the two points at

which the two curves leave the horizontal line will indicate

the length of time the nerve current took in passing from

the stimulated point at a distance from the muscle to the
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other stimulated point close to the muscle. A convenient

arrangement for making the experiment is shown in Fig. 36,

in which the spring myograph of Du Bois-Reymond is

employed.

This apparatus, which is also seen in Fig. 11, p. 94,

consists of a smoked-glass plate which is driven in front of

the recording stylet of the myograph by the recoil of a steel

spring. Underneath the frame carrying the glass plate

there are two binding screws, to one of which is attached a

rectangular arm of brass, which can so move horizontally as

to establish metallic connection between the two binding

screws. By means of these binding screws the myograph is

interposed in the circuit of the galvanic element a and the

primary coil of the induction machine 5, and the arm of

brass above mentioned is so placed as to connect both

binding screws, and thus complete the circuit. From under-

neath the frame carrying the smoked-glass plate there

descends a small flange, which (when the glass plate, by re-

leasing a catch seen at the left end of the plate in the figure,

passes from left to right) pushes the brass arm aside, and

thus interrupts the circuit of the primary coil. When this

occurs, an opening shock is transmitted from the secondary

coil G to the commutator d. By means of the commutator

Fig. 37.—Tracing obtained on the smoked-glass surface of the spring

mj'Ograph in the experiment for determining the rapidity of the nerve

cuiTent. Chronograph = 200 vibrations per second.

the secondary shock may be transmitted to the nerve, either

to a point close to the muscle h, or at a distance from it, e.

Suppose the apparatus had been so arranged, by dipping
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the wires of the commutator d into the mercury troughs,

as to send the shock to the nerve at a point close

to the muscle k; the muscle thus stimulated contracts,

and draws on the smoked surface of the glass the curve

in Fig. 37. This curve leaves the horizontal line abed,

which would be drawn by the muscle at rest, at h. Arrange-

ments are then made for another experiment in which the

nerve will be stimulated at a distance from the muscle at

the point e in Fig. 36. This is done by again placing the

smoked-glass plate in the position seen in the figure, closing

the primary circuit by the brass arm at the binding screws

as already described, and reversing the commutator so as to

send the shock along the wires i, Fig. 36. The muscle again

contracts when the primary circuit is opened, and this time

it describes on the smoked surface the curve of, Fig. 37. It

will be observed that this curve leaves the horizontal line

at c, that is, a little later than when the nerve was stimulated

close to the muscle. It follows, therefore, that the distance

on the horizontal line from & to c represents the time occu-

pied by the transmission of the nervous impulse from e to >?:

(Fig. 36)—the time required for the passage of the current

along the portion of the nerve between k and the muscle, and

the period of latent stimulation of the muscle, being the

same in both experiments. A chronographic tracing on the

smoked surface will measure this time, and the length of the

portion of the nerve can be readily ascertained. It will then

be found that in the case of the motor nerves of the frog

nervous transmission is at the rate of about 75 to 90 feet

(26 to 27 metres) per second. Helmholtz and Baxt, by-

independent methods, in which the contractions of the

adductor muscles of the thumb were recorded after

stimulation of two different points on the radial nerve,

have determined the rate of transmission in the motor

nerves of the living man to be about 100 to 120 feet pei*

L
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second. Some have found the rate so high as 200 feet

per second.

The rate of transmission in sensory nerves may be mea-

sured in the following manner : On exciting a point of the

skin, say on the great toe of the person who is the subject

of the experiment, he makes a signal that he perceives the

sensation; the moment of excitation and the signal are

recorded on a rapidly-moving surface, and the interval is

measured ; another experiment is then made by exciting the

skin at a point nearer the nerve centres, say at the upper

part of the thigh ; the difference of the two measures will

give the rapidity of sensitive transmission, supposing the

time occupied by perception, volition, the transmission of

the impulse along the motor nerves to the muscles of the

arm which makes the signal, and by the contraction of the

muscles themselves, is the same in both experiments. It

will be seen that in such a method there are apparent

sources of fallacy, but it is remarkable that most observers

have found the rapidity to be very nearly the same as that

of motor nerves—namely, about 110 to 120 feet per second.

Nervous transmission is very much slower than the trans-

mission of electricity along a conductor. It is increased by

heat and diminished by cold.

There are still several points of interest connected with

nervous conductivity.

a. When some of the fibres in a nerve are stimulated,

the transmission is not communicated to neighbouring fibres.

Some have supposed that the white substance of Schwann

serves as an insulator to the conducting axis cylinder. Of

this, however, there is no proof; and there is the further

difficulty in accepting this view, that many of the minute

nerve fibres in the cerebro-spinal centres and the fibres of

the sympathetic system are devoid of white substance.

h. Nervous transmission is apparently the same process
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both in sensory and in motor nerves, and, as before ex-

plained, the result depends on the nature of the ajDparatus at

the end of the nerve.

c. At one time it was generally held that motor and

sensory nerves could convey impressions only in one direc-

tion—motor nerves towards a muscle, and sensory nerves

towards a ganglion or nerve centre. When we consider,

however, that the structure of both kinds of nerves is

apparently identical, and that the semi-fluid condition of the

matter in a fibre would appear to favour the transmission of

a vibration equally in both directions, just as occurs on

tapping the middle of a long indiarubber tube filled with

water or air, the presumption is in favour of transmission

in both directions. This view is supported, in addition, by

the following observations : (1) When a nerve is stimulated

electrically at one point, a disturbance of the electrical state

of the nerve may be detected by a galvanometer for a

considerable distance in both directions; and (2) actual

experiments by Yulpian and Paul Bert, in which they

divided contiguous motor and sensory nerves, and afterwards

promoted their reunion in such a manner that the central

end of what was formerly a sensory nerve was joined to the

distal end of what was formerly a motor nerve, and vice

versa, have shown that after a certain time transmission

occurred in a normal manner. It is evident, however, that

the risks of fallacy in such difficult experiments are so great

as not to warrant us in placing implicit confidence in the

interpretations given of the results.

5. Electrical Stimulation of Nerve.

A continuous current of electricity, of moderate intensity,

produces under ordinary circumstances no evident efifect

upon a motor nerve connected with a muscle, except at the
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moment it enters the nerve and the moment it quits it, or in

other words there is a contraction of the muscle only at the

moments of opening and closing the current. During the

passage of the current no effect is produced. In the case of

a sensory nerve, the current acts with more energy on enter-

ing than on leaving the nerve ; but even during the passage

of the current, a feeble sensation may be experienced.

The effect on a nerve of opening and closing continuous

currents depends (1) on the intensity, and (2) on the direc-

tion of the current.

An interrupted galvanic current transmitted along a nerve

weakens, and if too long continued destroys the ner^e current

and the excitability of the nerve. But if a constant galvanic

stream be sent along a portion of nerve, it is thrown into a

peculiar condition, called by Du Bois-E.eymond the elec-

trotonic state (fjXiKTpov, electricity j rovos, tension). This

term was first used by Faraday to describe the peculiar mole-

cular condition of a wire traversed by a current of electricity.

If the constant stream pass in the natural direction of the

normal nerve current, the latter is augmented; if in the

contrary direction, it is diminished. While a portion of the

nerve is in an electrotonic state, it may be shown experimen-

tally, that its physiological action has undergone certain

modifications. For the sake of clearness, we shall subdivide

the physiological action of the nerve as follows: (1) its

electro-motive force; (2) its conductivity, or power of conduct-

ing the influence of impressions; and (3) its excitability;

that is, the property of nerve in virtue of which it is

capable of receiving impressions and generating an influence.

While a portion of nerve is traversed by a constant

current, it is found that its physiological properties are

altered so that it may be divided by a neutral point, situated

between the tvvo poles, into two portions. The portion in

the neighbourhood of the positive pole is termed the anelec-
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trotonic portion (avto, upwards ; rjXeKrpou, electricity ; and

Toi'os, tension), while that in the neighbourhood of the

negative pole is termed tlie cathelectrotonic 23ortion (Kara,

downwards ; i]XiKTpov, electricity ; and tovos, tension). The

anelectrotonic portion extends for some distance outside the

positive pole, and the cathelectrotonic portion for some dis-

tance outside the negative pole. The position of the ]ieutral

point, or point of indifference, that is the point where the

nerve is neither in a cathelectrotonic, nor in an anelectrotonic

state, and the extent of tlie cathelectrotonic and anelectro-

tonic portions is determined by the strength of the current

transmitted through the nerve. With a current of vnedium

strength, the neutral point is exactly midway between the

two poles, and the two portions are equal in extent, as will

be seen in the following diagram, in which A is the anelec-

trotonic, C the cathelectrotonic portion, and N the point

of indifference.

A N C

Nerve , ! 1

With a weak current, the neutral point is nearer to the

positive than to the negative pole, and the greater portion of

the nerve is in a cathelectrotonic condition. Thus:

—

AN C

Nerve '
1

1
•

With a strong current, the neutral point is nearer to the

negative than to the positive pole, and the greater portion

of the nerve is in an anelectrotonic condition. Thus :

—

A N C

jSTerve" i
!

Of course, intermediate strengths of the current will

produce intermediate positions of the neutral point.

Pfliiger discovered that under these circumstances the



166 HISTOLOGICAL PHYSIOLOGY.

excitability and conductivity of the nerve are diminislied

in the neighbourhood of the 2^ositwe pole, while its electro-

motive force is increased ; but the excitability and conduc-

tivity of the nerve are increased in the neighbourhood of the

negative pole, while its electric power is diminished. In

other words, when a portion of nerve is in the anelectrotonic

condition, its power of receiving impressions is diminislied,

it does not conduct nervous force so rapidly, but it evolves

more electricity than it would do in the normal state The

reverse is the case when a portion of nerve is in the cath-

electrotonic state. It is then more excitable, conducts

nervous force more rapidly, but its power of evolving

electricity is diminished.

These results may be impressed on the memory by the aid

of the following table :

—

state of Nerve. Functions of Nerve.

Electro-motive Force. ConductivitJ^ Excitability.

AnelectrotonoTis, . Increased. Diminished. Diminished.

Oathelectrotonons, . Diminished. Increased. Increased.

Pfiuger^s Law of Contraction.—By the law of contraction

is meant all the actions which a muscle exhibits on opening

or closing a current, varying in strength and direction,

passing through its nerve. Many of the earliest experi-

menters in electro-physiology were struck by the fact, often

observed, that a feeble current of electricity, acting on a

nerve, will cause contraction in a muscle, when a strong

current fails to do so. It was also observed that while a

constant current was flowing through a portion of nerve

attached to a muscle, the muscle contracted only on opening

and closing the current, and not during the passage of the

current. But the muscle sometimes contracted, sometimes

it did not. Numerous experiments made by Du Bois

Eeymond, Eckhard, Pfaff, Bitter, Nobili, Pfliiger, Schiff,

Wundt, CI. Bernard, Pick, and C. Bland Badcliffe, have
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sliown that the phenomenon of tlie contraction of the muscle

is influenced, first, by the direction, and, second, by the

strength of the current sent through the nerve. In the

description of these phenomena, physiologists have made use

of certain terms it is necessary to explain. When the

current is transmitted from the muscle in the direction

of the spinal cord, the current is called an upward, or

centripetal current ; when from the cord in the direction of

the muscle, it is called a downioard and outward or centri-

fugal current. When the current is derived from only

one of G-rove's cells, the strength of the current is described

as lueak; when from two or three of Grove's cells, as medium;

and when from five or six of Grove's cells, as strong. In these

experiments, small elements or cells are employed, and an

instrument, termed a rheocord, for further regulating the

strength of the current, is introduced into the circuit. By
means of Du Bois-Rejanond's key, (Fig. 17, vi), the current

may be opened or closed at joleasure. It is broken or inter-

rupted when the key is opened, and is again allowed to pass

onwards when the key is closed.

The following table shows the results of Pfliiger's experi-

ments, which are summarily expressed as Ffluger''s law of

contraction, though it is really a statement of facts, to

explain which Pfliiger has formulated a law called the

law of stimulation :
—

Current Stren^h. Upward Current. Downward Current.

Weak \
Close. Contraction. Close. East.

I Open. Rest. Open. Strong contraction.

Medium \
^^°^®- Strong contraction. Close. Strong contraction,

'

\ Open. Strong contraction. Open. Strong contraction.

i

Close, Rest. Close. Strong contraction.

Open, Very strong Open. Rest, or feeble

contraction. contraction.

On beginning with an exceedingly feeble upward current,

neither opening nor closing gives rise to contraction ; but, by
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increasing the strength of the current gradually, we invariably

get contraction first on closing, but opening has no effect. By
gradually strengthening the current, we at length reach a

point when there is contraction both on opening and closing.

By and bye, when a certain maximum is reached, the clos-

ing contraction becomes weaker, and finally disappears when

the current becomes strong. Similar results are to be got

with a downward current, except that the contraction with

a weak current first appears, according to many experi-

menters, on opening, and not on closing, and that there is

contraction on closing, and none, or a very feeble con-

traction, on opening a strong current. Pfliiger, however,

found that with a weak downward current he obtained

contraction on closing and rest on opening, a result in

accordance with the theory of stimulation he has offered.

Pfliiger's Law of Stimulation.—To explain these pheno-

mena, Pfliiger has propounded the following law : '^A given

piece of nerve is stimulated only hy the a'pioearance of cath-

electrotonous and the disafioearance of anelectrotonous, hut the

disaiojpearanct of cathelectrotonous and the apiDearance of

anelectrotonous has no effectr In other words, when a current

is closed, the nerve is stimulated by the passage of the nerve

near the negative pole, from a normal into a cathelectrotonic

state ; but, when a current is opened, the nerve is stimulated

by the passage of the nerve near the positive pole from

an anelectrotonic into a normal state.

Pfliiger's theory of stimulation affords a satisfactory ex-

planation of the results given in the table already quoted

;

and it also explains why a feeble current causes contraction

more strongly than a powerful one. This will be evident, if

we apply it to the individual instances by the aid of the follow-

ing diagrams, in which M — muscle, N nerve, - negative

pole, and + the positive pole of the electrodes, the arrow the

direction of the current, and PI the point of indifference :

—
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f

PI

1st. Feeble JJ-pward Gttrrent.—Closed, contraction; opened,

rest. (Diagram I.) Here the point of indifference is near

the positive pole ; and, consequently, the

cathelectrotonic area is extensive. When
the current is closed, the nerve is stimu-

lated by the establishment of cathelectro-

tonns in the portion a, in Avhich the ex-

citability of the nerve is increased, and a

contraction of the muscle is the result. On
the other hand, on opening the current, a

small portion of the nerve, in the neigh-

bourhood of the positive pole 6, passes from the anelectro-

tonic into the normal state, and the nerve is stimulated

;

but the excitability of the nerve being much lowered, the

stimulus is so weak that the muscle does not contract.

2nd. Feeble Downward Current.—Closed, contraction;

opened, rest (Pfliiger). (Diagram II.) On closing,

portion of the nerve next the muscle a,
\

passes into the cathelectrotonic state, l

the nerve is stimulated, and contraction h \

of the muscle is the result ; but, on

opening, a small portion of the nerve,

at a distance from the muscle b, passes

from the anelectrotonic state, and the

stimulation is so weak that the muscle

does not contract. But, as already men-

tioned, p. 168, many physiologists have contraction only on

opening, and none on closing, a result which is not ex-

plained by Pfliiger's law. The discrepancy probably arises

from the great difficulty in graduating the strength of the

current.

3rd and 4th. Medium Upward and Downward Current.—
Closed, contraction; opened, contraction. In this instance,

the neutral point being midway between the two poles,

M
Diagram I.

- +

- NP

M
Diagram II.
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the anelectrotonic and cathelectrotonic areas are equal in

extent. (Diagram III.)

- NP

b

- +

- +

NP

M M
Diagram III.

On both opening and closing there is a strong contraction,

because both anelectrotonus and cathelectrotonus increase

with the current strength; and with the increase in the

extent of the anelectrotonic portion 6, there is also an

opening contraction. On closing, the nerve is stimulated in

the neighbourhood of the negative pole a, by the establish-

ment of cathelectrotonus; and, on opening, the nerve is

stimulated in the neighbourhood of the positive pole h, by

the disappearance of anelectrotonus.

6th. Strong Upward Current.—Closed^ rest; opened, con-

I
traction. (Diagram IV.) In this instance

j
the neutral point is near the negative

pole, and the cathelectrotonic area is

much smaller than the anelectrotonic.

On closing, the smaller portion, a, passes

into the cathelectrotonic state; the nerve

is stimulated, but, as the stimulation has

not sufficient power to travel along the

anelectrotonic portion, h, in which the

much diminished, there is no contraction

On opening, the portion h passes from

the anelectrotonic into the normal state, the nerve is stimu-

lated thereby, and the muscle contracts.

NP

Diagram IV.

conductivity is

of the muscle.
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6tli. Strong Downivard Current.— Closed, contraction

;

opened, rest or feeble contraction. (Diagram Y.) The

closing contraction in this case is caused by the formation

of the cathelectrotonus in the portion of

the nerve a, next to the muscle. But, on

opening the current, there is usually no

contraction of the muscle, or at best a

very feeble contraction, because the stimu-

lation arising from the passage of the

portion h from the anelectrotonic to the

normal state, cannot reach the muscle,

o^^dng to the existence in the portion a Diagram v.

of a peculiar molecular sta,te greatly diminishing its con-

ductivity, termed by Pfliiger the negative modification.

Another important law, discovered by Pfliiger, may be thus

expressed, namely : The further a nerve is irritated from
the muscle, the greater

.
is the excitability of the one, and the

contraction of the other. Two theories have been advanced

in explanation. One supposes that the molecules throughout

the nerve possess a certain amount of tonic force, a part of

which is given off during the transmission of the influence,

so that, as the current progresses, it receives accumulated

intensity, like an avalanche as it rushes down a precipice.

The other theory supposes that a motor nerve becomes more

excitable the nearer it approaches the nervous centre of its

origin, so that an irritant produces a more marked effect

when applied there than at a distance.

It must be obvious that the knowledge of the facts now
referred to, regarding the varied effects produced in muscles

by the strength, direction, and position of the applied current,

must be of the greatest importance to the medical man in his

endeavours to employ electricity as a therapeutic agent in

the treatment of paralysis, neuralgia, and other nervous

diseases.
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6. Functions of Nerve Cells and of Grey Matter.

The usual stimuli which excite activity in nerve cells are

the impressions transmitted from the periphery along sensory

nerves or influences sent from cell to cell by intermediate

nerves. Thus, when an impression is made on a sensory

nerve in the skin, the influence travels to certain nerve cells

in the brain,, by the activity of which there is, under ordi-

nary circumstances, perception of the impression. Again,

the influence may pass to certain nerve cells in the spinal

cord and may be transmitted by them along other nerve fibres

to another group of cells, in another part of the cerebro-

spinal axis, or it may be directly reflected along other fibres

to muscles so as to cause contractions. For the manifestation

of this kind of activity a due supply and a proper quality of

blood is recjuired. If the supply of blood to nerve cells be

suddenly cut ofl", they may manifest unusual activity for a

short time, as in the sudden nervous discharges which cause

the convulsions seen after severe hsemorrhage, but the activity

of the cells, especially in warm-blooded animals, quickly dis-

appears. The presence in the blood of various substances,

such as excess of carbonic acid or of certain poisons, may also

be followed by symptoms of direct excitation of nerve cells.

When nerve cells are excited by a single instantaneous

stimulus, they respond in an appreciably short interval of

time ; but if the stimulus be repeated at short intervals,

there are successive and very brief discharges of nervous

energy, separated by intervals of rest. Thus we have seen

that the voluntary contraction of a muscle is caused by

a rapid series of nervous discharges transmitted along a

motor nerve, and that the individual and partial contractions

produced by these are fused together so as to form a single

muscular contraction. But if, from the changes in structure

which are frequently the result of age, or from the efiects of

alcohol or other active substance, the discharges from the
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nerve centre becoiDe intermittent or have longer periods of

repose tlian usual, the muscles tremble, and sometimes even

the individual contractions may be noticed. It is probable

that intermittent discharges from nerve cells are connected

with the rhythmic movements of the heart and of the res-

piratory appa,ratus.

The activity of nerve cells may or may not be associated

with consciousness. In the ganglia found in many organs,

which act as local centres, in the spinal cord, in all the parts

of the encephalon, with the exception of certain portions of

the cerebrum, their activit}^ is automatic and unconscious

;

but in the cerebrum their modifications are associated with

or produce states of conscious feeling. In all probability,

however, the kind of modification may be the same both

in conscious and in unconscious activity of cells, as we find

that many movements, the results of nervous activity, which

are at first efi'ected by conscious efibrt, become, after long

repetition, unconscious actions. As examples, we have the

power of locomotion and of maintaining equilibrium de-

veloped from infancy to adult life, and tlie rapid movements

of the fingers of the pianist or violonist, at first acquired by

laborious efi"ort, but afterwards performed unconsciously.

7. General Phenomena of Nervous Activity.

It will assist the student materially if at this stage of his

physiological studies he acquires a general notion of some of

the principal varieties of nervous activity. Without this pre-

liminary knowledge, he would find it difficult to understand

any account of the influence which the nervous system

exerts on such important functions as digestion, circulation,

and respiration. A short description of these will therefore

be given here, leaving a detailed account of the functions of

central nervous organs and of the cranial and spinal nerves

to a later stage.
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a. Nerves.

Functionally, nerve fibres may be divided into five

groups—motor, sensory, vascular, secretory, and inhibitory.

The original meaning attached to the term motor nerve

was a nerve entirely composed of fibres by the excitation of

which influences were conveyed to a muscle which caused

the muscle to contract. As these influences passed outwards

from a nerve centre towards the periphery of the body, they

were also termed efferent nerves. On the other hand,

nerves were found which, when stimulated, gave rise to

sensations of pleasure or of pain, and these were called

sensory nerves. Finally, it was shown that a third class of

nerves were composed both of sensory and of motor fibres,

and they were called senso-motor nerves. Sensory nerves

were also subdivided into those of general and those of

special sensibility. This was an artificial classification,

based on the fact that when a iierve of so-called special sen-

sation, such as the optic, was stimulated in any way what-

ever, the same kind of sensation followed. Thus, stimulation

of the optic nerve by cutting, pricking, or by pressure or

electricity, is always followed by a luminous sensation. The

other nerves of special sensation were the auditory, gus-

tatory, olfactory, and tactile, and the remainder, distributed

to the muscles and visceral organs, were supposed to convey

influences to the cerebral centres, which gave rise to obscure

'and vague sensations, such as those of the state of the

muscles in fatigue, and of general bodily discomfort or satis-

faction. It is equally true as regards these nerves, that in

whatever way they are excited, the same kind of sensation

is experienced. Anatomically, nerves are still classified on

this basis.

But the progress of research showed that when certain

nerve fibres were stimulated, the result was not necessarily
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always a muscular contraction, but it might be contraction

of tlie calibre of a bloodvessel, increased secretion from a

ofland, or a diminution or arrest of some other kind of

nervous action. In all of these cases, the nervous influence

travels outwards from a ganglion or nerve centre towards

the periphery, thus presenting an analogy to ordinary motor

nerves. These facts necessitate, for practical purposes, a

new physiological classification of nerves. These may be

divided primarily into centrifugal and centripetal nerve

fibres, and both of these may be arranged in several sub-

divisions,

fication :

—

The following is a tabular view of this classi-

Centrifugal,
or conveying
influences out-

wards from a-

nerve centre.

Usually called

motor.

in

>

12;

Centripetal,
or conveying
influences in-

wards towards
a nerve centre.

Usually called

sensory.

1. Motor, sometimes termed efferent, to muscles
so as to excite contractions.

2. Secretory, to the cells of glands so as to
excite secretion.

3. Vascular, sometimes termed vaso-motor, to
walls of bloodvessels so as to excite con-
traction of vessels.

4. Inhibitory, which so affect other centres of

nervous activity as to moderate or destroy
their action.

5. Connecting, which connect motor cells in

nervous centres.

General, convey to nerve
centres in brain influ-

ences which cause sen-

sations of a vague
character, scarcely per-

ceptible to conscious-

ness, and not per-

manent.
Special, convey to nerve
centres in brain influ-

ences which cause vis-

ual, auditory, gusta-

tory, olfactory, or tac-

tile sensations.

Afferent, convey to nerve centres influences

which cause no sensation, and which may
or may not be followed by further nervous
activity.

Connecting, which connect sensory cells in

nervous centres.

Sensory, which
may cause
more or less

acute sensa-

tions.
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In all of these cases, the nerve fibre acts merely as a con-

ductor, and as has been already explained, the effect depends

upon the arrangements at the end of the fibre.

b. Nerve Centres.

All nerve centres have not the same kind of activity.

When some are excited, there are sensations of pain or of

light, sound,- &c. ; others cause movements or secretion

;

others are associated with psychical states ; while a fourth

appear to exert an influence over other nerve centres. They

may be briefly classified as follows :

—

(1) Receptive Centres, to which influences arrive which

may excite sensations or some kind of activity not

associated with consciousness.

(2) Discharging Centres, whence emanate influences which,

according to structures at the other ends of the nerves

connected with them, may cause movements (muscles),

secretions (glands), or contractions of vessels.

(3) Psychical Centres, connected with sensation, in the

sense of conscious perception, feeling, volition, intellec-

tual acts, and wilj.

(4) Inhibitory Centres, which inhibit, restrain, or even

arrest the action of other centres.

c. Terminal Organs.

It is possible that some nerve fibres may terminate in

loops towards the periphery of the body or interior of organs,

but it is highly probable that there is some kind of terminal

apparatus, presenting a special structure, at the terminations

of motor, and the commencement of sensory nerves. Such

terminal organs are seen in the end-plates of muscle, and

the rods and cones of the retina. It would appear that in

normal circumstances a nerve always acts through, or is influ-
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encecl by changes in, a terminal apparatus. Thus, it is highly-

probable that a motor nerve can excite a muscle only by the

activity of the end-plates, so that when these are affected by

such a poison as curare, no contraction follows stimulation of

the nerve. Again, it is well known that the fibres of the optic

nerve are not directly susceptible of the action of light. In

normal vision, they can convey influences which, Avhen re-

ceived in the cerebrum, give rise to luminous sensations

only when they have been directly excited by the retina.

The same is true of the other kinds of sensory nerves. Thus

there must be some kind of apparatus for the reception of

the first stimulus from without, and in this apparatus

changes occur which in turn excite activity in the nerve con-

nected with it; the nerve conducts to a nerve centre; and if

this centre be in a brain in a state of activity, sensation or

conscious perception will be the result. The terminal organs

are however not to be regarded merely as arrangements for

transforming some kind of outward energy into nervous

activity, but rather as stores of energy which, on the aj^pli-

cation of the outer stimulus, may be liberated and trans-

formed into nervous energy. Thus light acting on the

retina is not directly transformed into nervous energy, but

it excites changes in the retina which in turn produce

activity of the optic nerve.

d. Reflex Actions.

Impressions made on sensory nerves are conveyed to nerve

centres where they may or may not be the objects of con-

sciousness. If there be distinct perception of the imj)ression,

we have what is strictly speaking a sensation, which may be

defined as the " consciousness of an impression." Kegarding

the changes occurring in a nerve centre which result in a

sensation we know nothing, but it may be remarked that

sensations are experienced of various degrees of intensity
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from the most vivid to the most vague and ill-defined. Hence

it is possible that the changes which occur in a nerve centre

resulting in consciousness and those causing some kind of

motor phenomenon, without consciousness, may be the same

in kind and only differing in degree, and that thus there may
be no gap, as is usually supposed, between the two kinds of

nervous activity. Motor phenomena may follow, in the

living body, direct physical stimulation of the motor nerve

of muscles; but this kind of action is not common. Usually

motor nerves are acted upon by the will, or by emotional

states, which operate upon them probably by the interven-

tion of other nerve centres. But it not unfrequently happens

that physical stimuli occasion motions in an indirect manner;

the impressions being carried along sensory nerves to a

central organ, where changes are excited which result in a

discharge of nervous energy along motor nerves to various

muscles. Thus a frog, in which the brain and medulla

oblongata have been destroyed, will draw up its limbs if the

foot be pinched. Such motions, unassociated with conscious-

ness, were known to Whytt in 1754, but were attributed by

him to a kind of sensation remaining in connection with the

spinal cord, an opinion which has been revived in later years

and has been accepted by some, but which is contradicted in

the only manner possible, namely, by the facts of the clinical

experience of diseases and injuries of the spinal cord of man.

In 1784, the nature of actions of this kind was clearly stated

by Prochaska, who also indicated in not a few instances the

sensory and motor nerves which appeared to him to be the

channels through which the influence causing them was

conveyed, and in 1832, Marshall Hall gave them the name

of reflex actions, and stated the conditions of this class of

nervous actions in precise terms.

Keflex actions may terminate either in movement of a

muscle or in secretion of a gland. A reflex movement, of the
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most simple type, may be thus described : (1) excitation of a

sensory or afferent nerve; (2) excitation of an intermediate

nervous or reflex centre; and (3) excitation of a motor or

efferent nerve which causes a muscular contraction. The

diagram in Fig. 38 shows this siDi})le mechanism. It is rare,

Fig. 38.—Simple reflex action. (1) sensory surface, (2) muscle ; a, sen-
sory nerve ; &, nerve cell ; c, motor nerve. The arrows indicate the
direction in which the influence travels,

however, to find the arrangements so simple, and the mechan-

ism may become more complex either by the existence of a

number of cells or groups of cells in the nerve centre, or by

the existence of numerous afferent and efferent nerves. Thus

there may be such a double reflex arc as is seen in Fig, 39.

Fig. 39.—Double reflex action. Same description as in Fig, 38.

The three phases of a reflex action have the following

general characters :

—

1. The initial excitation may occur both in nerves of

general sensibility and in those of the special senses; but

certain nerves more easily excite reflex actions than others.

2. A reflex movement may occur whether we excite a

sensory nerve at its commencement or at some point in its
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course, but in the latter case the action is less intense than

in the first.

3. Grey matter containing nerve cells constitutes the

chief portion of reflex centres, and groups of such reflex

centres are frequently associated together by internuncial

fibres. The excitability is increased when these centres are

severed from communication with psychical centres which

preside over voluntary movements. Thus, after decapita-

tion, reflex movements occur with greater intensity than

in the uninjured animal; they are also more active during

sleep.

4. Certain substances, and in particular strychnine,

increase reflex excitability, so that the slightest external

stimulation of the sensory nerves of the skin is sufficient to

cause severe convulsions. On the other hand, bromide of

potassium, hydrate of chloral, and atropine diminish reflex

excitability.

5. Keflex movement may occur in one muscle, or in

many muscles or groups of muscles. Thus they may be

simple or compound, and when compound there may be

contractions of muscles occurring simultaneously or succes-

sively. Pfliiger has carefully examined and analysed the

instances in which a simple reflex movement may originate

a complicated series of movements, and he has formulated

the four following laws, which will be understood with the

aid of the diagram in Yig. 40.

a. Law of Unilateral Action.—If in a decapitated frog,

we excite the skin of the hind foot, p, the excitation

is transmitted from the centre a to the muscles (1) of

the foot on the same side.

b. Law of Symmetrical Action.—If the excitation be more

intense, it is transmitted to a centre on the opposite

side h, and contractions may occur in the muscles of

the hind limbs on both sides (1, 2).
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€. Law of Lrradiation.—If the excitation be still increased

in intensity, it affects higher centres c d, and there

may be contractions of the fore limbs (3, 4).

d. Law of General Action.—If the excitation be still

further increased, it may pass to a still higher reflex

centre e, and the result is general convulsions.

6. Reflex centres may be so arranged in the body as to

constitute a series in which those in the cerebrum govern or

control others in the deeper ganglia of the brain, while these

Fig. 40.—Diagram showing the relations of reflex actions, p, sensory
surface ; ahcde, nerve cells ; 1234555 5, muscles.

in turn have an influence over still lower centres in the

spinal cord. This arrangement has been termed the super-

position of reflexes, and will be readily understood by

stud}dng Fig. 41.

7. It is possible for the same stimulus to produce a reflex

action of movement, a reflex action of secretion, and also a

conscious perception. Thus, a stimulus, such as a strong

condiment, applied to the mucous membrane of the mouth,

may cause involuntary twitchings of the muscles, secretion
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from the salivary glands, and a special sensation. The
mechanism necessary for such manifestations is expressed in

the simplest form in Fig. 42.

8. Stirling has shown that to excite a reflex action, at

least one of long continuance, the stimulus requires to be

repeatedly applied. There appears to be a kind of cumu-

lative process by which the effects of stimuli reach a

Fig. 41.—Diagram illustrating the superposition of reflexes, m—mi,

muscles; 1—1, series of reflex centres on one side, under the control
of 2—2, which are again governed hy 3. There is a corresponding
series, V—1', 2'—2', 3', on the other side. Both sides are presided over
by 4. Thus a stimulus reaching 4 might excite the activity of all the
muscles, m—m ; if it reached 3, only one half of the muscles ; if it

reached 2, to the left, oiiij three of the muscles ; and finally, if it

affected 1, to the left, only one muscle, m. {Beaunis.)

maximum; and when this occurs, a reflex action is the

result.

9. In compound reflex actions, the initial excitation may

occur in psychical centres; as when the recollection of an

odour causes nausea, or when a feeling of ennui is followed

by yawning.

10. Some reflex movements are the result of inherited

peculiarities of structure, as those made by a new-born child
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when it seizes the breast, while others are acquired during

life. The latter are at first voluntary, but afterwards

become automatic by repetition.

The following is an enumeration of the more remarkable

reflex motions, occurring either naturally or in some morbid

conditions of the system :—(1) Motions of the muscles in

any part of the limbs or trunk of the body under the

influence of sensory impressions of the skin, such as

tickling, pricking, &c. ; shuddering from cold ; from grating

Fig. 42.—Diagram illustrating a complex reflex mechanism. The
arrows indicate the direction of the currents. 1, sensory surface ;

2, muscle; 3, gland; a, sensory nerve; h, reflex centre, connected
with another reflex centre, d, "by internuncial fibre, e; c, motor or
efferent nerve

; /, secretory nerve passing to gland 3. From the other
side of d is seen a fibre passing to the brain, and there exciting changes
which result in a sensation.

noises, &c. (2) Contraction of the pupil of the iris under

the influence of light on the optic nerve. (3) Wink-
ing, or sudden closure of the eyelids from irritation of

the sensory nerves of the conjunctiva. (4) Sneezing from

irritation of the Schneiderian membrane, or by a glaring

light in the eye. (5) Closure of the glottis and coughing

from irritation of the larynx or windpipe. (6) Laughing

from tickling of the skin, &c. (7) The first respiration of

the child at birth from the impression of cold upon the

nerves of the chest, (8) Respiratory movements in the adult
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from the impression caused by the afferent nerves of the

lungs (sympathetic or vagus), by the presence of carbonic

acid in the air-cells and passages, or in those of the general

system, by venous blood in the sanguiferous vessels ; occa-

sional modifications of the respiratory movements from

impressions of cold, &c., on the surface of the body. (9)

Suction in the infant from impression on the lips; and

deglutition in the child or adult, under the influence of the

impression caused by the contact of food, &c., with the

fauces, pharynx, and gullet. (10) Vomiting following upon

the feeling of nausea or upon the impression caused by the

tickling of the palate or fauces. (11) Forced contraction of

the sphincter muscles of the anus, urinary bladder, and

vagina, under the influence of local irritation. (12) Erection

and emission under the influence of irritation of the nerves

of the penis and other parts in the vicinity. (13) Khythmic

action of the lymphatic hearts (in the frog), under the

influence of the upper and lower parts of the spinal cord,

and perhaps of the presence of fluids within the cavities of

the lymphatic hearts. (14) Rhythmic action of the san-

guiferous heart, under the influence of the cardiac ganglia,

and the impressions produced by the presence of blood in

the cavities. (15) Peristaltic motions of the stomach and

alimentary canal, in digestion and in the process of defe-

cation, &c., under the influence of impressions conveyed to

the ganglia by the various splanchnic and intestinal nerves.

(16) Expulsive action of the urinary bladder under the

presence of urine. (17) The expulsion of the child from the

uterus in parturition, under the influence of the hypogastric

and other ganglia, and of impressions conveyed to them.

(18) Contractions and dilatations of the bloodvessels and

secreting ducts, under the influence of the various sympa-

thetic and cerebro-spinal nerves distributed to them;

blushing, flow of tears, bile, &c.
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111 the first of these examples, the reflexion of the influ-

ence, or its reflex excitement, may occur through any part

of the cerebro-spinal centre; in the second, through the

thalami optici and corpora quadrigemina ; in the third and

following examples to the tenth, the medulla oblongata is

the principal centre of reflexion ; in some of these, and in

the eleventh, twelfth, and thirteenth, various parts of the

spinal cord ; and in the remaining examples, the various

ganglia of the sympathetic system appear to be the principal

centres of reflexion; but yet subject, in a remarkable

manner, to modification from the action of some parts of the

cerebro-spinal centres, as will be more particularly stated in

treating of the spinal cord and brain.

Reflex stimulation of the voluntary muscles takes place

chiefly through the cerebro-spinal centres ; that of the

involuntary muscles principally through the sympathetic

ganglia; but it would appear that occasionally reflex actions

may be excited in either of these kinds of muscles, through

those parts of the nervous system which constitute respec-

tively the more usual centre of action of the other. Many
obscure and probably complex actions may be of this kind,

as, for example, some of the motor and sensory affections

produced by intoxication, the nervous impression acting

primarily on the stomach
;

palpitations of the heart, or

cramps in the limbs, from stomachal and intestinal derange-

ments ; fainting from concussion, from peculiar odours, or

from mental affections ; dilatation of the pupil, and grinding

of the teeth from the irritation of worms; various other

affections from teething, &c. {Allen Thomson.)

Consult Whytt on the Vital and Involuntary Motions, 1754

;

Prochaska, De Funct. System. Nervos., Prague, 1784, and Opera

Minora, 1800; Marshall Hall, first papers in Trans. Zool. and
Pvoyal Soc., 1832 and 1833, and Memoirs on the Nervous System,

1837, and other works; Muller's Physiology by Baly, vol. I,

p. 754; PrLt'GER, Die Sensorisehen Functionen d. Riickenmarks,



186 HISTOLOGICAL PHYSIOLOGY.

Berlin, 1853; Setschenow, Ueber die Heminungsmeclianismen ftir

die Eeflexthatigkeit des Ruckenmarks, Berlin, 1863. See also

two interesting papers by Stirling in the Edin. Med. Jour., 1877,

and an article by Wtjndt in "Mind," 1876.

VII.—PHENOMENA OF FILTRATION AND OF ENDOSMOSE
IN RELATION TO TISSUES.

i

The general properties of tlie various tissues have been

already described; but there are several of a physical

character which play so important a part in nutrition as to

merit special attention. These are the physical processes of

filtration and of endosmosis through organized membranes.

1. Filtration through Organic Membranes.

When we pour a fluid into a glass cylinder, one end

of which is covered by an organic membrane, if the mem-

brane imbibe the fluid, or a portion of it, filtration occurs.

The rapidity of filtration is in direct relation with the

pressure exerted by the fluid upon the membrane, and it

increases very rapidly with a rise of temperature. Solutions

of crystalloids pass almost without change, and the density

of the fluid left behind is the same as that which has passed

through the membrane. In the case of colloids, however,

the proportion of the dissolved substance is always less in

the filtered fluid than in that which remains behind ; or, in

other words, a membrane permits the passage of a larger

relative quantity of water than colloids.

When colloids exist in a fluid, they exert an influence

upon the filtration of the salts dissolved in the same fluid;

the proportion of salts which passes through is always

greater in relation to the salts left behind, as the quantity of

^ The following has been chiefly prepared from Wundt's elaborate

account in his Physiologic Humaine, p. 55.

I
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colloidal matter is smaller in the filtered fluid ; or, in other

words, the presence of colloidal matter hinders the filtration

of crystalloids. The filtration of fluids flowing in vessels^.

is afiected in the same manner by pressure and temperature

;

but certain phenomena which occur can only be explained

by assuming special properties in some organic membranes.

2. Diffusion through Organic Membranes.

When an organised membrane is interposed between two

fluids, both of which may be imbibed by the membrane, and

may mix together, an exchange of the two fluids takes,

place through the membrane, and this exchange goes on

until the two fluids have the same composition. There may
be, however, an unequal exchange between the two fluids, so

that for one part of the first fluid which passes to the second,

a smaller quantity will pass from the second to the first.

Temperature has an influence on diflusion. In comparing

the diffusive properties of different fluids, it is necessary to

make the experiment at the same temperature, and with one

of the fluids constant in composition. Distilled water is

therefore employed, in comparative experiments, as the stand-

ard fluid. Suppose a saline solution is placed in a glass

tube, closed at the bottom by an organic membrane, and the

apparatus is immersed in a shallow vessel nearly filled with

water, some of the salt will be found after a time to have

passed into the water, and some of the water will have

passed through the membrane into the tube. It will also be

found that there is a constant relation between the weight of

the water which has passed in the one direction, and the

weight of the salt which has passed in the other. The

quantity of water which passes is always a multiple, or, in

some cases, a fraction of the quantity of the substance in solu-

tion which diffuses. The weight of the quantity of water
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necessary to replace by diffusion a unit of weight of the

dissolved body, is called the endosmotic equivalent of the

body. This equivalent depends (1) on the chemical nature

of the body ; and (2) on the degree of concentration of its

solution. The following table, given by Jolly, shows the

equivalents of certain substances :

—

Name of Substance.

Chloride of Sodium,

Sulphate of Soda,

Sulphate of Potash,

Sulphate of Magnesia,

Sulphate of Copper,

Sulphuric Acid, .

Caustic Potash, .

Alcohol,

Sugar,

Endosmotic Equivalent.

40
110
12

11-5

9-5

0-3

200-0

4-3

7-2

As Jolly, in these experiments, took no account of the

degree of concentration of the fluids, and as he always

employed dried membranes, these figures do not show the

quantities of these substances which would pass through

organic membranes in the living state. Hofiinann has shown

also that the amount of water of hydration or of crystalliza-

tion, even in the same salt, influences, to a remarkable extent,

the endosmotic equivalent.

When more water passes towards the saline solution than

the amount of the latter which enters the water, the diffusion

is said to be positive, and negative when the reverse is the

«ase. With alkalies positive endosmosis is strong; with

acids, negative endosmosis is the rule, while salts are positive

and range between the two extremes. When endosmosis is

positive, the equivalent increases with the degree of concen-

tration; when, on the contrary, it is negative, the equiva-

lent diminishes as the concentration increases. Thus, in

the diffusion of sulphuric acid with water, more acid will
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pass into the water as the acid becomes concentrated; but,

on the contrary, in the diffusion of potash with water, more

water will pass into the potash as the latter is concentrated.

According to Ludwig, sulphate of soda is an exception

amongst bodies showing a positive endosmosis, as its equiva-

lent diminishes by concentration.

Diffusion occurs with a constant rapidity so long as the

solution has the same concentration, and as the temperature

remains the same. This rapidity, however, does not depend

only upon the endosmotic equivalent, but also upon the solu-

bility of the substance and its chemical composition. It in-

creases with concentration. When saline solutions diffuse

into water, the rapidity with which the salt passes towards

the water, as well as that with which the water passes to the

salt, increases with the degree of concentration, but not at

the same rate. The rapidity with which the water passes to

the salt becomes greater, whilst the rapidity with which the

salt passes to the water remains nearly proportional to the

degree of concentration. Thus it follows that the more a

solution approaches saturation, the greater is the quantity of

water which passes in the sa,me time. As the temperature

increases, the rapidity of the diffusion also increases, and

the rapidity of diffusion increases more rapidly as the tem-

peratui'e rises. This will be seen in the following table^

given by Eckhard, showing the ra^pidity with which common
salt passed through the fresh pericardium of an ox in the

same time with an increasing temperature :

—

Temperature in Quantity of Common
Degrees C. Salt which passed.

8-0, 0-303

9-6, . . ... . 0-364

13-8, 0-396

18-3, ...... 0-474

22-5, 0-549

26-0, 0-628
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When a solution diffuses through a membrane not only

with water, but with a solution of the same or of a different

substance, that is, where two solutions of the same sub-

stance or of different substances, are on opposite sides of

the membrane, the diffusion depends partly on the degree of

concentration of the two solutions, and partly upon the

chemical properties of the two bodies dissol^ved. Suppose

two solutions of the same substance, but of unequal degrees

of concentration; the more concentrated solution will di-

minish, while the more dilute will increase in density. In

this case, the endosmotic equivalent has a constant value.

On the other hand, the rapidity of diffusion will be in the

inverse ratio of the difference of concentration of the two

fluids present ; that is to say, as the initial difference of

concentration of the two fluids diminishes, the rapidity of

diffusion will also become slower.

All colloidal substances in solution pass with great diffi-

culty through organized membranes. Such bodies attract

water, so that, when their solution diffuses with this fluid,

there is a reverse current of water. The endosmotic equiv-

alent of these substances is very high, but on the other

hand the rapidity of their diffusion is low. Albumen in

solution has a stronger endosmotic affinity for saline solutions

than for water, and the current of albumen increases very

rapidly with concentration of the saline solution. When a

mixture of colloidal bodies in a fluid along with some crystal-

loids, is permitted to diffuse into water, none of the colloidal

matters pass through the membrane. Thus from a solution

of gum, albumen, and sugar, none of the first two will pass,

but the sugar will pass through with great ease. There is

thus a kind of mechanical separation of the substances. To

this general rule, however, there is one exception, namely,

when by the diffusion of a substance mixed with colloidal

matters, there is produced on the other side of the membrane
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a liquid toward which the colloidal matter has a great

tendency to diffuse. Thus when a mixture of albumen with

common salt is exposed to diffusion into water, the salt alone

at first passes through the membrane, but when the water

on the other side of the membrane contains a certain

amount of salt, the albumen then diffuses with consider-

able intensity. Yon Wittich and Funke have studied, as

regards diffusion, the differences of solutions of various

albuminoids, and they have found that of these bodies,

peptones possess the property of diffusibility to the greatest

extent.

A continuous electric current passed through a fluid, in a

diffusion apparatus, affects diffusion; the quantity of fluid

situated on the side of the negative pole increases, whilst

that on the side of the positive pole diminishes. The mass

of fluid moves in the dii-ection of the positive current, and

the quantity of fluid carried away is always greater as the

fluid is easy to move and as the galvanic current is more

intense, and the amount is independent of the nature of the

surface and of the thickness of the porous plate. (Wundt.)

When water is allowed to diffuse with a saline solution,

and a galvanic current is directed through the two liquids

from the water to the salt, more water will pass to the saline

solution than would have passed if the current had not

been there. If now the direction of the current be changed,

so as to pass from the salt to the water, more salt will then

pass towards the water, or, in other words, the endosmotic

action has been inverted by the galvanic current.

Albumen is found in the body combined with alkalies, as

albuminate of soda or of potash, behaving in these compounds

as a feeble acid. Suppose that albumen and saline matters

are submitted to diffusion with water, and that at the same
time a current is passed through the solutions, it will be

found (1) if the positive current be directed from the solu-
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tion of albumen towards the water, salts will pass from the

side of the water, and albumen will remain near the positive

pole
; (2) if the current pass from the water to the albumi-

nous solution, water will pass to the albuminous solution,

and albumen will pass through the membrane into the

water, and will be deposited near the positive pole. The

albumen then behaves as acids do, having passed from the

negative towards the positive pole. These interesting facts,

ascertained by Yon Wittich, indicate the possibility of the

physical phenomena of nutrition being affected by a con-

tinuous galvanic current, and they suggest many researches

of therapeutical importance. (Wundt.)

The nature of the membrane affects endosmotic action.

Dry membranes have always a higher endosmotic equivalent

than those which are fresh or wet. In comparing organic

membranes of different structure, it is found that the dimen-

sions of their pores have an important influence, just as is

known to be the case in diffusion through plates of clay.

Buchheim has shown that for a membrane with large pores,

the endosmotic equivalent of a salt is smaller as the affinity

of this salt for water is greater, while, on the other hand, for

very dense membranes, the equivalents are proportional to

the affinity of the salts for water. The following table by

Harzer shows the variations of endosmotic equivalents for

different membranes.

Ox Bladder. Pig's Bladder. Ox Pericardium.
;^*jJJbJne

Chloride of Sodium, 6-460

Chloride of Potassium, 5 "601

Sulphate of Soda, 18764

Sulphate of Potash, 13 '908

Of all of these membranes, that formed of collodion is the

most dense ; the bladders of the ox and the pig are both less,

and the pericardium of the ox occupies a mean position. The

4-335 4-000 10-200

3-891 13-632

12-231 8-915 6-097

11-700 8-181 4-147

I
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sulphates have a much stronger affinity for water than the

alkaline chlorides.

All the phenomena of endosmose may be attributed to the

following causes : (1) to a force of attraction of two fluids,

the one for the other
; (2) to a relative attraction that

the substance forming the membrane exercises upon the two

liquids in diffusion,—a force which determines the mode in

which liquids pass, and the rapidity with which they pass,

through small porous canals
; (3) to the narrowness of the

pores through which the liquids pass ; and (4) to the diminu-

tion of adhesion of the liquid to the wall of the porous canals,

by reason of elevation of temperature. Briicke was the first

to attribute the phenomena of difiusion to an attraction

between the walls of canals and water.

The importance of applying these facts regarding filtra-

tion and endosmose to the phenomena of the nutrition of

living tissues is becoming more and more recognised. In

the present state of our knowledge, however, it is impossible

to follow all the stages of the process, and we can only make

general statements.

The connective tissues are surrounded on all sides by

fluids such as blood, serous transudations, and lymph.

These fluids may be regarded as saline solutions of album-

inous matters, or as solutions containing both crystalloids

and colloids. The fluids are imbibed by the connective

tissues just as they would be taken up by porous sub-

stances, by a process which may be called capillary imbibition.

But when the fluids reach the ultimate tissues in the form

of protoplasmic masses, or of protoplasm more or less modi-

fied, we have to deal with a homogeneous structure con-

taining no pores. Here an interchange occurs between the

fluid and the tissues by a kind of molecular imbibition, a

process similar somewhat to that by which a membrane,

as above stated, allows osmotic phenomena to occur. Mole-
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ciilar imbibition possesses tlie two following characters

:

(1) Wlien a tissue imbibes a fluid, it usually increases in

volume, but this increase does not always correspond to

the quantity of the fluid imbibed, and in some cases actual

•diminution in size of the mass of tissue may occur after

imbibition; and (2) tissues imbibe more distilled water

than water containing saline substances, and consequently

the fluid which is imbibed by a membrane will be less

concentrated than the fluid in which the membrane is

immersed. This probably explains why serous efl'usions

are in general less concentrated than the plasma of the

blood. {Beaunis.)

The passage into the tissues of part of the plasma of

the blood through the thin walls of the capillaries, under

the influence of blood pressure, is an example of filtration.

The greater the amount of pressure exerted in the A^essels,

the greater will be the amount of fluid forced through

their walls. A similar phenomenon is seen in the separation

of water and saline matters from the blood in the Mal-

pighian bodies of the kidney, where the blood passes under

considerable pressure through a complicated arrangement

of minute vessels. Colloidal matters, such as albumen,

in these circumstances pass with difiiculty, and only under

strong pressure, whereas, on the other hand, crystalloids pass

more readily, and under feeble pressure. Any circumstances,

therefore, which increase beyond a certain limit the pressure

in the vessels may be attended by the appearance of albumen

in the urine.

It is to be especially noted that in the living body we

rarely find the conditions of endosmotic phenomena so

simple as to consist of a fluid on each side of a membrane,

and each under the same pressure. Almost invariably one

of the fluids is under a greater pressure than the other,

and thus the interchange that takes place must be due
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partly to filtration and partly to endosmotic action. In

addition it is possible that there may be some kind of

attractive influence exerted by the living tissues them-

selves, and thus the process by which they obtain fluid

pabulum becomes more complicated. A special influence

of this kind, to be remembered in studying secretion, by

which certain matters are removed from the blood, is the

selective activity of epithelial cells, of which examples will

be 2;iven in treatinsf of secretion.

3. Diffusion between Gases and Fluids through

Organized Membranes.

Diflusion between gases and liquids is not modified in its

essential points by the interposition of a wet organic mem-

brane. The gas is absorbed by the membrane and passes

into the fluid. When the fluid contains at the same time

a gas, a portion of it is eliminated and is replaced by an

equivalent of the external gas. The coefficient of absorption

of a gas is the volume dissolved by one volume of water at

0° C and 760 mm. pressure. The quantity of gas exchanged

between two gases on opposite sides of a membrane, one

of them being dissolved in a fluid, depends partly on the

coefficient of absorption of the gas and partly on the pressure

of the gases on opposite sides of the membrane. The gas

which possesses a large coefiicient of absorption, as carbonic

acid, is absorbed by a wet membrane in greater quantity

than oxygen, hydrogen, or nitrogen. The capacity of

absorption diminishes with the elevation of temperature and

with a diminution of pressure. Absorption, in addition to

the specific attraction which a liquid may have for a

gas, depends upon the quantity of the external gas ; the

greater this quantity, the greater is the pressure and the

greater is the amount of gas absorbed by the fluid. "When
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a state of equilibrium between the tension of the gas in the

fluid and that of the external gas is attained, absorption

ceases. If the pressure of the external gas diminishes, and

that of the internal gas increases, there will be a current

in the outward direction, so that the gas dissolved in the

fluid will pass into the external gas until a state of equilib-

rium of pressure is re-established. There is thus a state of

continual gaseous exchange established between fluids of the

body in which gases are dissolved and the external atmo-

sphere. This process, as we shall hereafter see, is the

essential phenomenon in respiration, as it occurs in the

ultimate air cells of the lung. It is highly probable that

the same physical explanation may be given of the inter-

change of gases which constantly occurs between the gases

dissolved in the blood and those set free in living tissues,

as one of the ultimate chemical products which are the

result of their vital activity.

Consult, regarding the laws of absorption and of diffusion of gases,

Wukdt's Physique Medicale, p. 201.

VIII.—VITAL PHENOMENA OF THE TISSUES.

By vital phenomena we mean those which occur in living

textures, or in living organisms, and which at present cannot

be satisfactorily explained by the application of physical or

chemical laws. Most of these phenomena have been already

described in treating of the various tissues, and others will

be alluded to in the description of the functions of nutrition,

innervation, and of reproductior . It will be useful, at this

stage, to enumerate them as follows : (1) irritability and

contractility of muscle
; (2) excitability of nerves

; (3) move-

ments of protoplasm, either in the free state or included in

cells; (4) movements of cilia; (5) the functions of assimila-

f
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tion and of disassimilation occurring in the living cell; (6) the

multiplication of the cell, either by endogenous formation, by
segmentation, or by budding

; (7) the production of one or

both of the elements necessary for the production of off-

spring ; and (8) the changes occurring in the brain which are

associated with mental acts.

IX.—APPLICATION OP THE LAW OF CONSTANCY OF

ENERGY TO VITAL PHENOMENA. 1

In order to understand the application to living organisms

of the views now held by natural philosophers regarding

energy and force, it is necessary in the first place to state

several general principles.

In every chemical combination the elements are held

together with a certain force, and this force may be measured

by the resistance which these elements oppose to separation.

Elements which are already in combination have only a feeble

tendency to unite with the elements of other combinations.

But if from external causes the combination of elements be

broken up, each individual element will then show a strong

tendency to enter into a new combination. Thus the oxygen

in carbonic acid manifests only a feeble tendency to enter

into combination with a body oxidisable by free oxygen.

Again, when one or more elements in a body are in a state

of loose combination, these elements are more ready to unite

with some other substance. The forces which are thus

limited to a simple tendency to movement may be termed

forces of tension, or energy in a potential state, or simply

potential energy ; those, on the other hand, which exhibit

actual movement may be called actual forces, or actual

1 The following account is obtained from Wundt's Physiologie

Humaine, p. 108, et seq.
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energy. Sometimes, also, actual forces are termed hinetic^

whilst potential forces receive the name of kinematic

energy.

The tendency which a chemical element possesses of

entering into combination is a force of tension, the intensity

of which is variable according as the element is free or com-

bined, or in a combination more or less stable. An element

which shows an increased tendency to combination has its

chemical force of tension increased; a free element which

enters into a combination has lost its tendency to combine,

and its force of chemical tension is thus diminished. Every

chemical decomposition gives rise to a force of tension, and

in every chemical combination a force of tension is apparently

lost. When elements pass from a stable combination to one

less stable, a force of tension is developed ; and when they

pass from a less stable to a more stable combination, a force

of tension disappears. It follows, then, that in every chemical

combination actual forces are developed, and in every chemical

decomposition actual forces disappear. The sum of all actual

and potential forces is always constant. That which is lost

as an actual force is transformed into a potential force, and

that which is lost as a potential force is transformed into an

actual force. In all the phenomena of nature it may be

shown that in every transformation there is a conversion of

actual into potential force, or the reverse.

The law which sta.tes that the sum of the actual and poten-

tial forces is always constant is called the law of the constancy

offorce. The different forms of actual energy with which

we are acquainted are the movements of bodies, light, heat,

and electricity. All of these forms of actual energy show a

tendency to be transformed into one, namely, heat. When
movement disappears by friction, or by the resistance of the

air, it is transformed into heat ; when electricity encounters

resistance in its progress, it is also transformed into heat. The
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form of movement which ajopears as actual energy in chemical

combinations is principally heat, less frequently light, and

the same also which disappears in chemical decompositions

is heat and light.

The distinction between actual and potential energy will be

better understood by studying the phenomena of a falling

weight. A weight suspended by a cord represents a certain

force of tension, a tendency to fall, measured by the tension

which it exerts upon the cord. If the cord be cut, the weight

falls, and the force of tension becomes an actual force, which

may be measured by the mechanical effect produced by the

weight upon the ground. All the tensional force possessed

by the weight has now been transformed into actual force.

If the weight be again raised, as by turning the cord round

an axle, the tensional force will be again restored, at the

expense of an amount of actual force used in the muscular

contractions of the arm winding up the cord, which will be

equal to that developed by the weight during its fall. The

fall of the weight transformed potential into actual energy
;

when it was raised, actual energy was again re-transformed

into potential energy.

The general principles above stated may now be applied

to the phenomena of plant and animal life. When a plant

assimilates the inorganic compounds from the atmosphere

which are necessary to its nutrition, it does so in virtue of a

power Avhich exists in the germ, and which belongs, more or

less, to the histological elements of the plant derived from

this germ. This force of affinity takes its origin from the

chemical combinations which constitute the elementary parts

of the plant, and it differs according to the nature of these

elements. Thus the green leaves attract carbonic acid from

the atmosphere, and the roots carbonic acid in solution^

ammonia, and mineral matters. These forces of chemical

affinity depend on fixed external conditions. It is under the
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influence of the sun that the trees develop buds and leaves,

and it is equally under the influence of light that green

leaves absorb the carbonic acid necessary for vegetable life.

Under the influence of light and heat, the elements carbon,

nitrogen, hydrogen, and oxygen, obtained from carbonic acid,

water, and ammonia, enter into combinations more unstable,

such as the albuminoids, fats, and carbo-hydrates, whilst at

the same time the greater part of the oxygen is set free.

According to the law of the constancy of energy, a part of

the actual energy coming from without is transformed into

potential energy, and the actual energy which has dis-

appeared is the actual energy of solar heat and light.

Whilst a plant is nourished, the actual energy of solar light

and heat is transformed into potential energy in the chemical

elements forming the plant. The plant is then an organism

which transforms actual into potential energy. The animal

consumes the substances formed by the plant, and thus

introduces into its body a large amount of potential energy.

These substances are decomposed in the body of the animal

by a constant oxidation, and this oxidation sets at liberty

the forces of affinity which were in a state of repose in the

assimilated substances. The forces thus set free manifest

themselves in the animal body partly in the form of heat,

partly in muscular movements, and partly in nervous action.

An animal is then an organism which transforms potential

into actual energy; a process the reverse of that of the plant.

The plant furnishes the animal with the quantity of potential

energy necessary for being transformed into actual energy

;

but the actual energy developed by the animal is not directly

re-transformed into the potential energy of the plant. The

plant is therefore always receiving new supplies of potential

energy from the solar rays. Thus the forces of organised

beings depend ultimately upon solar heat and light. The

plant receives these forces directly from the solar rays; the
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animal, on the other hand, receives them only indirectly

through the intervention of the plant.

As already stated, the actual energy of the living body

appears under the form of heat and the mechanical work of

muscles. If the body be analogous to machines in which,

by chemical actions, heat and movement are developed, it

follows that it is the oxidation of assimilated substances by

the oxygen inspired which produces the heat and movement of

the body. Applying the law of the constancy of energy, it is

evident that, supposing the amount of combustible matter to

be constant, the heat set at liberty may be compensated by

an equal amount of mechanical work ; or, inversely, that the

mechanical work developed may be compensated by a loss of

an equivalent amount of heat. In other words, the quantity

of potential energy transformed into actual energy—heat

—

cannot at the same time be transformed into actual energy

in the form of mechanical work. The application of the

views above stated will receive illustration in treating of

animal heat.

X.—THEORIES OF LIFE.

Numerous efforts have been made to define life, of which

the following are examples : Aristotle says " Life is the

assemblage of operations of nutrition, growth, and of destruc-

tion;" Lamarck states that "Life, in the parts of the body

possessing it, is that state which permits organic movements,

and the movements which constitute active life result from

the application of a stimulus ;" Bichat says, " Life is the sum
total of the functions which resist death

;
" Treviranus calls

it " the constant uniformity of phenomena, with diversity of

external influences
;
" Laurence says it consists " in the

assemblage of all the functions or purposes of organized

bodies, and in the general result of their exercise j " Duges
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calls it '^ tlie special activity of organized bodies
;
" Beclard's

definition is " organization in action
;
" and Herbert Spencer

asserts that "life is the continual adaptation of internal

relations with external relations." It will be observed from

the above definitions that authors have felt the necessity of

presupposing some organized structure, the existence of

which is taken for granted in their definitions. The dictum

of Beclard, " organization in action," is, on the whole, the

best.

Yarious theories have from time to time been ofiered by

philosophers to explain the existence of life, either as a

special phenomenon of matter, or as a conscious condition.

Some have supposed that life was an independent principle,

capable of being added to or removed from matter. Others

have thought that the phenomena of life resulted from the

action of an immaterial and conscious existence or principle,

the soul, acting directly or indirectly on the mechanism of

the body. A third class of thinkers have imagined that vital

actions come under the same laws as physical actions, and

that vital acts are directly afiected by external conditions.

From the point of view of the physiologist, who has to deal

with direct observation of normal phenomena, or phenomena

as modified by experiment, it is not necessary to assume the

operation of a living principle independent of matter, (as we

are acquainted with matter and its varied activities by

methods of research employed in the present day,) although,

upon evidence of an entirely difierent kind, he may be

convinced of the existence of such a principle. It is not

within the province of this work to discuss theoretical views

regarding the question, and it is sufiicient to point out that it

is the duty of the physiologist to investigate the conditions

in which vital phenomena occur, and that he ought not to be

expected either to furnish definitions of life or to ofier an ex-

planation of the correlation which undoubtedly exists between
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mental phenomena and the physico-chemical changes known

to occur in the brain. Such definitions and such explana-

tions are of no value, inasmuch as, in the present state-

of science, our knowledge of vital processes is deficient,

and as it is probable that the molecular changes which we

associate with vital phenomena may never be thoroughly

understood. What is termed vital may simply be a condition

of matter; but even if it were found to be so, it would be^

none the less mysterious. The intimate nature of tlie

phenomena of gravity, chemical activity, magnetism, and

electricity, is just as obscure as that of vital actions.

Or, to put the statement in another form, the growth

of a cell, the contraction of a protoplasmic element, or

the connection between a change in a portion of grey

cerebral matter with a sensation or an emotion, are processes-

no more inexplicable than the influence of a current of

electricity on a magnetic needle, or the falling of a stone to-

the earth.

Having now described the chief chemical, physical, and

vital properties of the tissues, or what may be termed

General Physiology, we next pass on to the consideration

of the physiology of the individual. This includes a descrip-

tion of the functions of the various organs and systems found

in the body, or Special Physiology.
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SPECIAL PHYSIOLOGY.

The special functions of the human body may be considered

under the heads of nutrition, or the exchange of materials,

innervation, animal movements, production of heat and

maintenance of a uniform temperature, and reproduction.

NUTE.ITION.

Nature of Nutrition—Stages of Nutrition—Alimentary Suhstarices and

Digestion—A bsorption—Sanguification—The Blood—Circulation

of the Blood—Respiration—Nutritive Changes in the Tissues—
Secretion—Elimination—Excretion.

By nutrition is understood a series of functions by which

matter is introduced into the body, becomes for a time in-

corporated with the tissues and fluids, and is afterwards

separated from the body by various channels. As a result of

this exchange of material between the organism and the ex-

ternal world, the various functions of life are performed.

At one time, the term nutrition was strictly limited to the

process by which the living tissues took up from the blood

matters necessarj^ either for their repair or for the due

performance of healthy functions ; but it is more convenient

for practical purposes to regard nutrition as really a complex

process, involving a number of subsidiary processes, all of
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wliicli have for their object the maintenance in healthy-

action of ever}^ tissue and organ, and of the body as a whole.

This mode of regarding nutrition will be found useful to the

student of medicine when he is called upon to study the

phenomena of disease. Tkus in the great majority of

diseases, the emaciated look and the feeble movements of the

patient indicate that the process of nutrition is somehow or

other not duly performed, and it becomes the duty of the

physician to ascertain what stage or stages of the process are

interfered with. In some cases it will be found that the

error lies in the processes by which food is prepared for

assimilation, in other cases there is failure in some of the

operations by which blood is formed, in a third class the

apparatus by which this blood is circulated through the

body and brought into close contact with the living tissues

is not working in a proper manner, whilst in many others

nutrition is not duly performed in consequence of the fault

of one or other of the excretory organs, by which waste

matters which would exercise a baneful effect on living-

tissue are eliminated from the blood. The student should

thus habituate himself to the observation of diseased con-

ditions from the physiological point of view, and this habit,

as has been well written by Hughes Bennett, not only leads

liim to see how nutrition may be deranged in so many ways>

but to arrive at the scientific explanation of those complica-

tions in diseases which he is constantly meeting with. It

must lead him to the conviction that impaired nutrition is

to be treated by an endeavour to restore the deranged

processes to their healthy state in the order in which they

are deranged; that for this purpose a sound knowledge of

the process of nutrition itself is a preliminary step ; that

empirical systems can be of little benefit, and that the only

correct basis for medical interference is a comprehensive and

true physiology.
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The process of nutrition consists of the following

stages :

—

1. Digestion, or the chemical and physical processes by

which the food is prepared in the alimentary canal

, for absorption. This includes the various mechanical

actions by which the food is broken down in the

mouth, swallowed, and propelled along the alimentary

canal ; and also the physical and chemical actions of

various fluids mixed with the food, such as the saliva,

gastric juice, intestinal juice, pancreatic juice, and

the bile.

2. Ahsoiytion, or the process by which fluid matters, and

matters prepared by digestion, pass into channels

which ultimately convey them to the blood.

3. Sanguification, or the prej^aration of a nutritive fluid

called the Blood, which receives fresh materials from

the digestive canal, oxygen from the process of

respiration, and cellular elements from certain glands

called blood-glands, found in various parts of the

body.

4. Circulation, or the mechanism by which the blood is

propelled through the body so as to bring it into

close relation with almost every living elementary

constituent.

5. Respiration, or the interchanges which occur between

the gases of the body and the gases of the air, and

consisting essentially of the introduction of oxygen

and the elimination of carbonic acid. The process of

respiration may be divided into two stages : external

respiration, or the mechanism by which there is an H
exchange between the gases of the blood and the ^™

gases of the air in the pulmonary cells : and internal
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respiration, or the excliange which occurs between

the gases of the blood and the gases of the living

tissues.

6. Assimilation, or Nutrition, the processes by which living

tissues take from the blood nutritive materials which

may become for a time incorporated with the proto-

plasm of the tissues, and thus undergo molecular

chane-es convertino; them from dead into livinsf

matter. Under nutrition, it is important also to

study a process, termed the glycogenic function, by

which the liver forms glycogen, or animal starch, a

substance which after conversion into sugar, is of the

greatest importance in healthy nutrition. It is

evident that the great object of this process is (1) to

repair the waste which the living tissues undergo,

more or less, as a condition of the healthy perform-

ance of their functions, and (2) to supply to the

tissues matters which they may utilize, for the evolu-

tion of energy, in a manner analogous to the con-

sumption of fuel by a machine. The process of

growth, by which a tissue or organ may increase in

size, is included also u.nder nutrition.

7, Secretion, the process by which certain matters are

separated by the cells of glands from the blood, and

elaborated by these cells so as to form the various

secretions, such as saliva and the other digestive

fluids. It will be found that the phenomena of

secretion depend chiefly upon the development and

growth of cells.

8. Elimination, and the formation of Lymj^h. As already

mentioned, one of the conditions of the functional

activity of tissues is the occurrence of chemical

changes which lead to the formation of simpler
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chemical compounds. These chemical changes may
often be accompanied by a physical degradation of

structure, as in the formation of fat globules in

various cells. The matters thus formed, constituting

what may be called the waste loroducts of the mechan-

ism, must be removed in most cases as quickly as

they are formed, because their presence interferes

with, due performance of function. Their removal is

effected partly by the capillaries, but chiefly by a

separate set of channels termed the lymphatics, and

the waste matter is conveyed by these lymphatics to

certain glands in which at least a portion of it may
be again prepared for nutritional purposes. In addi-

tion to these waste materials, lympli contains the

excess of nutritious matter which has transuded from

the bloodvessels, and which has not been used up by

the living tissues.

9. Excretion, by which matters hurtful to the body are

separated by various channels. The phenomena of

excretion are partly mechanical, as in the evacuation

of the faeces, partly depend upon the physical process

of pressure forcing fluid matters through thin walled

tubes, and partly upon cell-development and growth,

as in secretion. Excretion is carried on by five

channels,—the lungs, the liver, the kidneys, the skin,

and the intestines.

The student should familiarize himself with the view that

the early stages of the process of nutrition are intended for

the preparation of the blood, the medium by which the

tissues are nourished and in which they respire, and that

the later stages have as their object the maintenance of this

fluid in a state of purity. As a result of ultimate nutritional

changes, energy is set free in the form of cell growth and
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development of tissue, muscular and nervous action, and

beat. This view may be fixed upon the mind by studying

the following diagram, in which the arrows represent

graphically the direction of the processes with reference

to the blood.

FOOD.

.
-^^— ^ »^

DiGESTiox, Absorption", Eesptration. Secretion.

Sanguification.

^
\

Circulation.

THE BLOOD.

\
Nutrition and Growth.

/ \ V
Nutrition Respiration Elimination

projier. of Tissue, of waste matter.

Liberation of Excretion.

Energy.

Cell growth and development. Lungs, Liver, Kidneys,

Muscular motion. Skin, Intestines.

Nervous action.

Heat.

Ha^dng given this general survey of the function of

nutrition, we shall now enter into details regarding its

various stages.

o
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I. DIGESTION.

The process of digestion consists of the physical and

€hemical transformations to which the food is submitted in

the alimentary canal, so as to prepare it for absorption.

Before entering upon an account of these transformations, it

will be necessary to consider the general characters of food.

FOOD.

Under the name Food we include those substances, either

in the solid or the fluid form, v/hich are required for the

nutrition of the body. The body is constantly undergoing

various changes, both chemical and physical, which are

conditions of vital activity. Chemical transformations occur,

and simpler chemical compounds are formed, which may be

regarded as waste products, to be removed from the body.

There is thus a loss of material constantly taking place.

But; as has been already seen, there is also an almost con-

stant expenditure of energy in movement, heat, &c.

To make up for the loss of material and of energy, food

must be supplied. Food may be regarded as matter in a con-

dition favourable for the liberation of energy under the action

of the influences at work in the body. Thus the supply of

food meets the demand both for matter and for energy.

Apart from energy, as already said, the matter of food sup-

plies materials to make up for the loss of matter which the

body sustains as a condition of its life. There is thus, in the

economy, a gain on the one hand and a loss on the other.

If the gain to the organism, by alimentation, be in excess of

the loss, as occurs in early life, the body grows, and the

amount of growth is in direct proportion to the excess of

the matters entering the body over those which are removed.

When the gain and the loss are about equal, as usualh
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occurs in middle life, the weight of the body is stationary

;

and when, in advanced life, the loss is in excess of the gain,

the body loses weight.

It has already been seen that the human body consists of

water, salts, albumenoid matters, fats, and carbohydrates.

The same proximate principles are required as food. It is

rare, however, that food, in the common sense of articles of

diet, consists of one proximate principle only. An article of

diet usually consists of a mixtui-e of one or more proximate

principles. Thus, water holds various salts in solution

;

butcher meat contains albumenoids, fats, salts, and water
j

and milk, which may be regarded as a typical form of food,

inasmuch as it is sufficient for the nutrition of the young of

all mammalia, contains, in due proportion, all the proximate

principles.

1. Proximate Principles of Food.

The following are the principal points to be noted by the

student with reference to the simple proximate principles.

1. Water.—Water, suitable as an article of diet, must be

fresh, limpid, without odour, and having an agreeable taste.

It ought to contain a certain percentage of gas and of mineral

matters in solution, and to be completely exempt from

organic matter. The agreeable taste of water depends princi-

pally on the carbonic acid and salts which it contains. This

taste, or sharpness, is well marked in gaseous waters, which

may be either natural or artificial. The mineral matters in

good water should not exceed 30 centigrammes of residue

per litre. The salts consist of carbonates, sulphates, and

alkaline and earthy chlorides.

The quantity of water in the body is maintained at a

uniform amount by a balance being struck between the

quantity introduced and the quantity lost by exhalation from
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the lungs and evaporation from the skin. When the quantity

falls below a certain minimum, a sensation of thirst is ex-

perienced ; and, if the amount fall still lower, certain well

marked physiological effects are produced which will be

afterwards described. The introduction of water into the

body in excessive amount is not without a certain effect upon

the body, as is generally supposed. On the contrary, it

increases the pressure of the blood, and consequently produces

the physiological effects of increased pressure; and^ in

addition, there is an increase in the amount of urea, and

of mineral matters, separated by the kidneys.

2. Minercd Matters.—Mineral substances are indispensable

in the food. They are active agents in nutrition, and their

presence in the fluids and solids of the body appears to be

essential. When an animal is entirely deprived of mineral

matters in its food, less of these substances appear in the

excretions, and the animal quickly falls out of health. The

most important salt is chloride cf sodium, which is found in

all the fluids, tissues, and organs of the body, and which is

taken as an article of diet, instinctively, both by man and

animals. About 20 grammes of common salt are separated

by the various excretions in 24 hours, and the same amount

must therefore be supplied in food. Most articles of diet do

not contain enough of common salt, indeed, the amount is

usually insignificant, and, consequently, most of it is taken

directly, either as a condiment, or in salted food. It has

been shown that when an animal receives chloride of potas-

sium instead of chloride of sodium in its food, after a

certain time the urine does not contain nearly so much of

the latter as in normal circumstances, indicating that the

blood and the tissues retain it with great tenacity ; but it is

remarkable that in these circumstances the animal may
retain its health for a considerable time. Yoit has shown

the importance of common salt in the phenomena of diffusion.
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by the following interesting experiment : If albumen alone

be injected into tlie abdomen of an animal, it is not

absorbed, but if it be mixed "with a little common salt

it is taken up with readiness. Common salt is also

necessary in the food of herbivora. It has been sup-

posed that a part of the chloride of sodium undergoes

chemical changes in the body, such as supplying chlorine

to form the free hydrochloric acid of the gastric juice ; but

this has not been satisfactorily demonstrated.

The salts of potash are also essential in food. They exist

in considerable quantity in the blood corpuscles, muscular

fibre, and nervous tissue, whilst those of soda are found

principally in the fluids. Kemmerich fed two dogs for six

weeks ^vith the same quantity of meat entirely deprived of

salts. In one case he added to the food a little common salt

alone, and in the other case, in addition to the common salt,

he gave the salts of potash : at the end of the time, the first

dog, which received in its food common salt only, was feeble

and extremely emaciated ; whilst the other, which received

salts of potash in addition, was in vigorous health. In

small doses, they encourage the activity of the circulation by

iQcreasing the blood pressure, and augmenting the force and

frequency of the cardiac contractions. Beyond a certain

point, however, they lessen the activity of the circulation.

The salts of lime are also required for the nutrition of the

textures, more especially for such tissues as bone and teeth.

Phosphate of lime, which is the principal salt, is introduced

both in articles of food and in water, but the processes by

which it is separated from these and incorporated into the

tissues, are unknown.

The alimentary importance of salts of magnesia, and of

ca/rhonates and sulphates of the alkalies and alkaline earths,

although these substances are found in the body, is quite

unknown.
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Iron exists in the colouring matter of the blood, of which

it is an essential constituent. It has been estimated that

the amount of iron in the body of an adult is about 3

grammes. When a person is in a condition of constant

pallor, called anaemia, it is generally supposed that there is

a deficiency of iron in the blood, which is probably the case^

as such persons frequently recover colour on the medicinal

administration of iron.

The following table shows the quantity per cent, (making-

allowance for errors of analysis) of mineral matters in the

ashes of certain articles of diet :
—

Mineral Matter.

Potash, ....
Soda, ....
Lime, ....
Magnesia, . . .

Chloride of Sodium.
Oxide of Iron,

Phosphoric Acid,
Sulphuric Acid, .

Silica, ....
Carbonic Acid, .

Total,

Milk.

23-46
6-96

21-34
2-20

4-74
0-47

38-04
0-05

0-06
2-50

99-82

1

Beef.

39-40
4-86

1-80

3-88

1-47

1-00

46-74
0-30

99-45

Liebig's
;

Extract.

,

48-12
10-45

0-23

1-96

Traces
38-04
0-27

99-07

Egg. Wheat.

19-28 27-04
6-58 0-45
8-26 1-97
2-45 6-60

24-21
1-42 1-35

26-66 62-59
1-70

0-45

9-67

100-68 100-00

Potatoes

54-21

3-'35

13-58
2-41

11-91
6-50

7-17

99-13

3. Garhohydrates.—These consist of starch, cane siigar^

grape sugar, cellulose, gums, and mucilage. Starch forms

the chief ingredient of many articles of food, such as potatoes,

rice, tapioca, arrowroot, and the products of the cereals and

of leguminous plants. It exists in the form of small some-

what oval grains, exhibiting a series of transverse curved

markings, as if they were composed of concentric layers.

These grains are of various sizes, and they also appear to

possess different degrees of resistance to the penetration of
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water, an important point as regards their value in alimen-

tation. Cane Sugar, familiarly known as obtained from

sugar cane or beetroot, exists also in many vegetables,

frequently used in diet, such as carrot, turnip, parsnips,

melon, parsley, cucumber, tkc. Grape Sugar is found in

fruits, honey, and in such fermented liquids as wine, beer^

cider, perry, &c. It is important to note that a substance

identical with it may be found after death, in the liver, which

is probably derived, as will be seen hereafter, from a kind of

animal starch, called glycogen, formed in that organ. In the

muscles, also, more especially in the heart, a small amount of

inosite, or muscle-sugar, is found. Cellulose, forming the

walls of vegetable cells, is of very little use in alimentationy

whilst the gums and mucilages appear to a certain extent to

assist in the process.

4. Fat.—As this substance is used in food, it consists of a

mixture of stearine, palmitine, and oleine. When the latter

predominates, the fat is fluid, and exists as an oil ; but when
the former two are in abundance, the fat is solid, as in lard

or butter. When oils are used as articles of diet, they are

usually derived from plants, such as olive oil, &c,, whilst lard

and butter are of animal origin.

5. Albuminates.—As examples of these we have gluten, as

found in the -cereals, and legumen, which, as before stated,

is identical with caseine, in peas, beans, haricots, &c.

Albuminous matters do not exist to the same amount in

plants as in animals. They are met with in animal sub-

stances in the form of the myosine of muscle, the caseine

of milk, the albumen of eggs, the albumen of blood, the

fibrine of blood, &c. As all of these proximate principles

contain nitrogen, they are frequently grouped under the

term of nitrogenous.

In addition to water, salts, carbohydrates, fats, and

albuminates which are found, more or less, in every article
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of diet fitted for tlie nourishment of the healthy body,

various substances are employed by man which may be

regarded as accessories to food. Such are alcohol, as con-

tained in wines, spirits, beer, &c., vegetable acids, essential

oils, condiments, and beverages containing alkaloids, namely,

tea, coffee, cocoa, &c.

With regard to alcohol, its exact influence, when taken

in moderation by those who use it as an article of diet,

cannot, in the present state of our knowledge, be precisely

stated. It has been asserted by several observers that

alcohol is eliminated from the body as alcohol by the various

excretory channels. The evidence of this is very doubtful,

and it is probable, judging from the analogy of its mode of

action with that of other active agents which are known to

be decomposed in the body, that it is split up into simpler

compounds. So far as mere alimentation is concerned, there

can be no doubt that in small doses it acts in the first

instance as a local excitant of the digestive mucous mem-

brane and afterwards as a diffusible stimulant upon the

circulation and central nervous system. In some cases, it

may aid the digestive process both directly and indirectly

;

but in a state of health it is not only not required, but its

use, except in small doses, is positively prejudicial.

The various vegetable acids, which are taken as condiments

in the form of vinegar, acid fruits, lemonade, ginger wine,

ginger beer, clarets, &c., excite a special gustatory sensation

which may for a time relieve thirst and even stimulate

appetite for solid food. When taken in moderation along

with food, they may stimulate the secretion of saliva and

of gastric juice. In passing through the body, these acids

are, for the most part, converted into carbonic acid, and con-

sequently appear in the form of carbonates in the urine.

The condiments in general use, such as pepper, mustard,

ginger, &c., when taken in small quantity, act as local
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excitants of the mucous membranes of the mouth and of the

stomach. By thus promoting a flow of saliva and of gastric

juice, they may assist in the process of digestion ; but, at the

same time, it is to be remembered that perfect digestion may

be performed without their use, and that consequently they

are not essential articles of diet.

Tea, Coffee, (&c.—The influence of tea, cofiee, cocoa, &c.,

will be referred to in treating of the drinks used by man.

2. Composition of Articles of Food.

The nutritive value of different articles of food depends

(1) on their digestibility; and (2) on the amount they con-

tain of the proximate constituents which are required for

nourishing the body. There are great differences in the

percentage composition of food, as may be seen on studying

the following table :

—

Nature of Food, Water. Albumen. Starch. Sugar. Fats. Salts.

Bread, 37 8-1 47-4 3-6 1-6 2-3

Wheat Flour, 15 10-8 66-3 4-2 2-0 1-7

Oatmeal, 15 12-6 58-4 5-4 5-6 3-0

Rice, 13 6-3 79-1 0-4 0-7 0-5

Potatoes, 75 21 18-8 3-2 0-2 0-7

Peas, 15 23-0 55-4 2-0 2-1 2-5

Milk, 86 4-1 5-2 3-9 0-8

Cheese, 36-6 33-5 24-3 5-4

Beef, 51 14-8 29-8 4-4

Pork, 39 9-8 48-9 2-3

Poultry, 74 21-0 3-8 1-2

White' Fish, 78 18-1 2-9 10
Egg, 74 14-0 10-5 1-5

With the aid of this table, the student should contrast the

composition of bread with rice, bread with potatoes, bread

with cheese, bread with beef, potatoes with beef, and potatoes

with cheese, so as to see how one article of food may act as
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the complement of tlie other in framing a dietary. He will

see that rice and potatoes are rich in starch but poor in

albnmen, and that consequently they may be combined

advantageously with beef, pork, poultry, fish, or cheese,

where the reverse is the case. Again, he should note the

composition of milk and of egg, both of which may be

regarded as typical foods, as they are primarily intended

for the nourishment of the young animal.

3. Food as artificially prepared by Man.

Having stated the general composition of the articles of

food, more special attention may be shortly directed to the

nutritive value of animal and vegetable alimentary sub-

stances as prepared by man, and to the various drinks used

in civilized countries.

Alimentary substances are rarely in a natural condition

suitable for consumption, but they require in the first

instance to be prepared by cooking, which transforms them

in such a manner as to render the action of the digestive

fluids more easy and certain, while at the same time sapidity

or flavour is given to the dish. Water, heat, and condiments

are the principal agents employed in the preparation of food.

Water softens insoluble matters, whilst it dissolves all those

which are soluble, as in soups. Heat afiects alimentary

matters, and according as it is applied quickly or rapidly,

or is obtained from an open fire, from vapour, or from a

salt infusion, food acquires difierent characters which please

the taste and thus promote alimentation. Cooking separates

assimilable from non-assimilable matters ; it renders the

food more accessible to the digestive fluids ; it fits the salts

and other soluble matters of food for rapid absorption ; it

may also condense alimentary substances into a small vol-

ume, as in concentrated beef-tea ; and, finally, the condi-
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ments employed in cooking gratify the taste, and excite

the digestive secretions.

Butcher meat may be prepared by roasting, stewing, or

boiling. Whatever may be the mode of cooking, the internal

temperature of the meat ought not to pass 70° C, nor fall

below 56" C. When meat is roasted before an open fire, it

is acted upon by a strong heat which, by coagulating the

albumen, forms a hard layer on the substance, thus prevent-

ing the escape of the juices of the meat. By roasting, meat

loses, as a rule, about 20 per cent, of its weight. When beef

is boiled in water, about 80 per cent, of the salts are at once

dissolved out, and in the fluid various extractive matters,

such as creatine, creatinine, (fee, are also found. Any
gelatine present in the meat is also dissolved. The flesh of

young animals contains more of this substance than those of

old animals : according to Liebig, 1,000 parts of beef yield 6,

whilst 1,000 parts of veal yield 50, parts of gelatine. Beef-

tea ought to be prepared by placing the meat in cold, and

not in hot water, and afterwards gradually heated. If

placed directly in hot water, a superficial layer of coagu-

lated albumen is formed, which prevents the escape of the

juices of the meat and of the soluble substances, and con-

sequently the beef-tea thus obtained is very poor. If beef-

tea be prepared properly, it consists of a solution of gelatine,

of salts, and of extractive matters, a little soluble albumen,

and any fat which may have been mechanically set free

by the process of heating. It may be made more nutritious

by the addition of gelatine, bread crumbs, or of bone.

There can be no doubt that beeftea has a certain nutri-

tive value, regarding the exact nature of which, however,

considerable controversy has taken place, some supposing

that it is due to the extractive matters, whilst others hold

that it is really due to the gelatine and salts. The proba-

biKty is that the stimulating effect produced by a cup of
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beef-tea after fatigue is due to the extractive matters,

and that any nourishment obtained from it is owing to

the gelatine, albumen, and fat. Liehig^s extract of meat,

now largely used in the sick-room, consists chiefly of extrac-

tives and of the various salts, of which those of potash, as

may be seen by referring to the table on page 214, exist in

largest amount. This substance ought therefore to be regarded

chiefly as a kind of stimulant which acts specially upon a

fatigued nervous system ; but along with meat-juice, bread,

or rice, it is an important adjunct to a nourishing diet. Salt

meat loses a portion both of organic and inorganic soluble

materials, which pass out into the brine. In particular, it

loses a large proportion of the salts of potash, which are of

high alimentary importance. This may be seen by studying

the following table :

—

In 100 Parts of Ash.

Potash,
Soda, ,

Magnesia,
Lime,
Potassium,
Sodium,
Chlorine,

Oxide of Iron,

Phosphate of Iron
Phosphoric Acid,
Sulphuric Acid, ..

Silica,

Carbonic Acid, ...

Total,

Pork.

Fresh. Salt.

37-39 5-30
4-02
4-81 0-54
7-54 0-41

1-25

0-40 34-06
0-62 53-72
0-35

0-10
44-47 4-71

0-12

100-0 100-21

Beef.

Fresh.

35-94

3-31

1-73

5-36

4-86
0-98

34-'36

3-37
2-07

8 02

Salt.

100-00 99-37

24-70

l'-90

0-73

16-82

30-95

l"-'64

21-41

0-62

0-20

Alimentary substances from the vegetable kingdom present

great difierences in their composition. Leguminous plants
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are very rich in albuminoids, of which they contain, on an

average, about 25 per cent. The cereals, which include such

plants as wheat, barley, oats, indian-corn, &c., are rich in

starch. The first three, however, contain a considerable

quantity of albuminous matter. The cereals are usually

prepared in the form of bread, and the process of baking is

intended to render the starch more digestible by the previous

action of heat, moisture, and fermentation. Potatoes contain

a very large percentage of water, and the remainder consists

chiefly of starch. Such substances as asparagus, celery,

artichokes, carrots, and turnips, contain a large amount of

water and a small quantity of albuminoids and carbo-

hydrates. The majority of fruits abound in grape-sugar,

various vegetable acids, and water.

The drinks used by mankind may be divided into alcoholic,

saccharine, acidulated, gaseous, and infusions of various

substances, such as tea, coffee, &c. The following table

gives the percentage of alcohol in the more common kinds of

wines, spirits, and malt liquors in use :

—

Brandy, . . 50 to 60 Clarets, . . . 9 to 13

Wkisky, . . 50 „ 60 Hocks, . . . 6 „ 16

Eum, . . . 60 „ 77 Madeira, . . 16 „ 22

Gin, . . . 49 „ 60 Porter, . . . 8 „ 10

Port, . . . 16 „ 23 Bass's Beer, 8 „ 10

Sherry, . 16 „ 25 Table Beer, . 2 „ 5

Champagne,

IT]'

. 5 „ 13

] 111
Sweet Ale, . . 7 „ 9

1In addition to alcohol, many wines contain colouring

matter, organic acids, such as malic and tartaric acids,

tartrate of potash, acetic and oenanthic ethers, and carbonic

acid j and the peculiar quality of the wine depends upon the

predominance of one or other substance. Thus, sherry and

madeira contain various ethers, and alcohol; port abounds

in astringent matter ; hocks contain acids j and the sparkling

wines, such as champagne, contain ethers, saccharine matter.
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and carbonic acid. Brandy contains, in addition to alcohol,

-oenanthic and other ethers ; the aroma of rum depends on

butyric ether
;
gin contains oil of juniper and other aroma-

tics ; and whisky, when free from fusel-oil, owes its flavour

to something derived from malt or from peat smoke. Malt

liquors contain alcohol, sugar, dextrine, gluten, various

matters extracted from hops, which give bitterness and an

aromatic flavour, and various mineral salts. Certain wines

^nd malt liquors contain a considerable percentage of the

salts of potash. Saccharine and acidulated drinks owe their

properties to sugar, and to the acids which they contain, of

which, in efl'ervescing fluids, carbonic acid is the chief.

It is remarkable that, in different parts of the world,

mankind have for ages been in the habit of drinking infu-

sions of certain herbs, all of which contain essentially the

same active substance or alkaloid. Thus the tea of Cliina,

the coffee of Arabia and the East, the cocoa of South

America, the mate or tea of Paraguay, and the guarana of

Brazil, have all become valuable beverages, and all contain

an active principle, represented by the general formula

CgH-^QlN'^02, to which the various names of Theine, Caffeine,

Theobromine, Guaranine have been given. Infusions of

these herbs contain other substances which play an impor-

tant part in their physiological action. Thus, coffee is rich

in aromatic matter; tea contains a considerable amount

of tannin and potash salts; whilst cocoa abounds in fatty

matter and vesfetable albumen. The two first stimulateo

the nervous system without producing any period of after-

depression such as follows alcoholic stimulants. They also

increase generally the activity of all the secretions ; and,

-according to some authorities, they diminish the amount of

nitrogenous matters separated by the kidneys, indicating

that they may possibly lessen the activity of waste of tissue.

One of their most remarkable characteristics is the almost
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instantaneous relief they give to feelings of fatigue, a pro-

perty wliicli is strikingly manifested in the use of the

leaves of coca (a plant of South America containing an

alkaloid cocaine, closely resembling tlieine), which enable

the inhabitants of that part of the world to perform fatigu-

ing marches lasting many hours without food. Cocoa, from

the fat and albuminous matter it contains, is a highly nutri-

tious substance, but is only to a slight extent a nervous

stimulant.

Consult as to physiological action of these active principles,

Wood's Therapeutics, page 198 ; also, researches by the Author,
published in a Report on the Antagonism of Medicines, made to the

British Medical Association, which contains an account of an inves-

tigation by A. Hughes Bennett on the action of Cocaine.

4. The Relation between Food and Work.

It is evident that the amount of food must have some

direct relation to the work done by the individual. Hard
work means expenditure of matter and energy, and these

must be supplied by food. The following table shows the

quantity in ounces avoirdupois, of the different materials of

dry food required under different circumstances :

—

i Nitro-
Nature of the Diet. I

genous
Matter.

Bare subsistence diet,' 2"33

Adult in full health, ) !

with moderate
exercise,

Active artizan, not
over-worked,
Hard working la-

bourer, navvy, ...

4-215

5-41

5-64

Fat. Carbo-
hj^drates.

1

0-84 11-69

1-397
i

18-960

I

2-41 17-92

2-34 20-41

Salts. Total.

14-86

0-714 25-286

0-68 26-42

0-68
!

29-07
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Add to eacli of these from 60 to 80 ounces of water, taken

either alone or as part of the food in a succulent or cooked

state. Thus it would appear that in ordinary life, and with

a fair amount of labour to perform, a healthy adult requires

daily about 28 or 30 ounces of dry nutritious food, along

with about 70 ounces of water.

5. Influence of Sapidity.

It must be remembered, however, that a mixture of the

constituents of food is essential to the formation of a

nutritious diet j and, moreover, that there must alwa^^s

be a certain amount of sapidity or flavour in the food. We
should turn with disgust from a mess consisting of these

constituents, even in proper proportions, if it were not

properly cooked. The best example of a natural food is

milk. It contains water, albumen in the form of casein or

cheese, fat in the form of butter, sugar, and various salts.

Hence it is nature's food for all young animals of the

mammalian group.

6. Effects of Climate on Nature of the Food.

The amount and nature of the food required is also affected

by (1) the amount of oxygen in, and the temperature of, the

atmosphere ; and (2) the activity of growth. Exercise and

exposure to a cold, bracing atmosphere sharpen the appetite,

and thus lead to more food being taken. In cold climates,

there is a greater demand for the production of internal heat

;

and, consequently, one would anticipate that the food con-

sumed would be of such a nature as would produce, on

oxidation by the oxygen of the air, a large amount of heat.

The substances used as food by man which are readUy

oxidised are carbohydrates and fats. Carbohydrates contain.
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a sufficient quantity of oxygen to combi]ie witli the amount

of carbon and hydrogen existing in them, whereas the amount

of oxygen in fat is not nearly sufficient for this purpose.

Hence it has been supposed that the oxidation of fats by

the oxygen introduced in respiration must produce more

heat than the oxidation of carbohydrates, and this has been

offered as an explanation of the fact that in cold climates the

inhabitants instinctively consume a large amount of fatty

matter ; whereas, in warm climates, they live principally

upon carbohydrates.

7. Conditions of a Healthy Diet.

A healthy diet must fulfil the following conditions :

1. It must contain a due proportion of the various

proximate principles found in the body of man.

2. It must have a certain sapidity or flavour which will

render it palatable and thus indirectly promote the

digestive process.

3. It must be adapted as regards quantity and quality

to the amount of work done by the individual.

4. It must be adapted as regards quality to the climate.

Various interesting observations have been made which

show that animal life cannot be maintained by the use of one

proximate principle alone, a few of which may be shortly

narrated. Magendie fed dogs upon sugar, oil, gum, or butter

alone, and found that for one or two weeks they did very

well, but after that became weak, and died on the thirty-

second or thirty-sixth day. When they were fed on white

bread and water, they lived fifty days ; when on cheese and

white of Qg^, they lived longer, but became feeble, emaciated,

and lost their hair. The experiments by Edwards and

Balzac have shown that a diet of bread and gelatine is
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insufficient, producing death after emaciation, without ap-

preciable lesion. The addition of brown soup, however,

renders bread and gelatine highly nutritious. Dr. Hammond
limited himself to 1 J lbs. of gum on one occasion, and a like

quantity of starch on another, with water, per day. Hunger,

debility, and fever became so great that he was obliged to

abandon the first diet on the fourth and the second on the

tenth day. When, instead of these substances, he took

1
J lbs. of albumen—diarrhoea, albuminous urine, and disgust

at the food obliged him to abandon it on the ninth day.

Of all the articles of food, milk appears to be that which

contains the proximate principles in the best proportions.

A like result may be obtained by other articles together,

such as fat pork with veal, potatoes with beef, and rice

with mutton or fowl. Again, stuffing is generally added

to ham and veal, bacon to beans, ham to fowls, and so

on. The addition of butter to bread is the almost universal

food of the nursery. Mankind have for the most part

adopted these rules instinctively. Persons who feed princi-

pally on flesh prefer it fat ; and those who live largely on

vegetables, as potatoes and rice, take considerable quantities

of milk. The same result is obtained by the use of fermented

liquors. Hence bread and wine constitute a diet resembling

milk in chemical constitution. {Hughes Bennett,)

Consult Pavy on Food; and Parke's Hygiene. Both of these

works are of the highest order, and ought to be familiar to every

medical man, as they contain all the facts relating to food and

dietetics. Dr. Pavy's work is the best authority on scientific

dietetics in our language.

Hunger and Thirst.

The sensation of hunger is referred to the stomach, and it

may be at least temporarily relieved by introducing into that



HUNGER AND THIRST. 227

organ even matter that is not nutritious. Hence it would

appear that in some way it depends on an excitation of the

;sensory nerves of the stomach and possibly of other portions

of the intestinal canal. On the other hand, it is well known

that the sense of hunger may be appeased by introducing

nutritious food into the small intestine, and by taking

nutritious substances, such as solutions of peptones, highly

'Concentrated and so small in bulk as to distend the organ

only to a slight degree. The latter facts indicate that

hunger may be the result partly of impressions derived from

the stomach and partly of a fusion of indefinite sensations

caused by impressions from organs partially exhausted from

a want of nutritious matter. Alcohol, tobacco, and various

narcotics frequently diminish and restrain for a considerable

time the acuteness of feelings of hunger, and it is also well

known that certain psychical states have the same effect. In

these instances, the influence is probably exerted upon the

central, and not the peripheral, origin of the nerves of the

stomach.

Thirst is a purely local sensation resulting from a dry

condition of the mucous membrane of the posterior wall of

the pharynx^ which is supplied with filaments from the

pneumo-gastric, glosso-pharyngeal, and trigeminal nerves.

When the dry condition is removed even by occasional

moistening, thirst is for the time relieved. The dryness may
result either from a general diminution of the amount of

water of the blood; from the action of certain substances,

.such as atropine, which arrest secretion from mucous surfaces

;

or from a mental state of fear or excitement. The sensation

may be removed by the direct injection of water into the

blood, or into the alimentary canal, or even temporarily by

immersion of the body in water. It may be remarked that

experiments on animals have not yielded any definite infor-

mation as to the conditions of huno-er and thirst.
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Tlie length of time a liiiman being may exist without food

or drink cannot be very precisely stated, as it is evident that

much will depend on the amount of waste going on in the

body during the time, the amount of oxygen in the air, and

the surrounding temperature. In some circumstances, men
may pass into a condition somewhat similar to the hyber-

nating state of certain animals, when the amount of waste

going on in the body is reduced to a minimum. Thus Indian

Fakirs, under the influence of opiates or of Indian hemp,

have remained witliout food, in a state of trance, for even six

weeks. Under ordinary circumstances, complete abstinence

from food and drink cannot be supported beyond the eighth

or tenth day. With a supply of water, life may be prolonged

for a considerable time even with an exceedingly small

quantity of solid food, and it is an undoubted fact that an

animal will live longer upon water alone than on any other

proximate principle of food in a dry state. The complete

deprivation of water will usually destroy life in eight or ten

days, and even after the third day its absence is the cause of

horrible distress. In treating those who have unhappily

been the subjects of starvation, it is important to remember

that the want of food has impaired the powers of digestion

as well as the powers of locomotion, and therefore, in these

circumstances, food should be given at first in the fluid form

and in small quantities. As the stomach recovers power,

the amount may be slowly increased and solid food given

with care and moderation.

Individuals are met with occasionally who have an excess

of appetite, a condition termed Bulimia. This may occur in

certain diseases, as for instance, in Diabetes, and it is fre-

quently seen in the convalescent stage of fevers. In some

rare instances, it appears to be the normal state of the person.

Thus Captain Parry, the celebrated Arctic explorer, narrates

an instance of an Esquimaux who, on one occasion, and
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apparently as a common exploit, in twenty-four hours, de-

voured 35 lbs. of meat and a number of tallow candles. A
.still more remarkable case is that of Tarrari, a French

soldier, whose appetite was so voracious as to lead to his

dismissal from the army. Tarrari's case was one of un-

doubted disease, and it is remarkable that he died an

<3maciated miserable man, but w^ith an undiminished appetite.

On the other hand, the minimum quantity of food required

by each individual, in the performance of the active duties

of life, cannot be precisely stated, as much depends on

idiosyncracies of constitution and on habit. Many men
have led active lives on comparatively small quantities of

food, and, j udging from the great prevalence of diseases of

the digestive organs, it is highly probable that many persons

consume more food than they requii-e. Improper food,

excess of food, and irregularity in taking food, are the most

common causes of dyspepsia, and of other forms of gastric

derangement.

As the food passes along the digestive canal, it is submitted

to various movements, and to the chemical and physical

iictions of various fluids. It is most convenient to study

these operations in their natural order, according to the

cavity in which they take place.

It is presumed that the student has made himself familiar,

during his anatomical studies, with the structure of the teeth,

the muscles moving the jaws, or muscles of mastication, and

with the general form, position, and relations of the digestive

organs.

A.—CHANGES IN THE MOUTH.

Some animals introduce solid food into the mouth by the

iiction of the tongue, as in the ox, or by the mobility of the

lips, as in the horse, or by a proboscis or trunk, as in the
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elephant, or with the aid of the fore paws, as seen in squirrels-

and monkeys. Man carries food to the mouth with the

hand. Fluids may be poured into the mouth, and from thence

pass directly into the pharynx, and through it, by a process

of deglutition, into the stomach. Usually, fluids are sucked

into the mouth by a kind of aspiration. In drinking from a

cup, with the lips immersed, the air is removed from the

mouth by inspiring, and the fluid flows in ; when the lips

are not entirely immersed, some air rushes in with the fluid,

and a gurgling sound is produced. When a child sucks at

the breast, the mouth acts as a kind of pump, of which the

tongue is the piston. The lips are applied hermetically

around the nipple, the isthmus of the fauces is closed by the

base of the tongue touching the soft palate, and the anterior

part of the tongue is placed below the nipple. When these

arrangements are made, there is muscular action of the

cheeks, lips and tongue, which aid the pressure of the

atmosphere on the breast in forcing the milk into the

cavity of the mouth. No respiratory efibrt requires to

be made, and hence a child breathes quietly while the

mechanism of suction is going on.

After food is introduced into the mouth, it is there

subjected to two processes which are carried on simul-

taneously. It is broken down by the triturating movement

of the jaws, and it is mixed with a fluid j)oured into the

mouth by various glands.

1. Mastication.

The food is divided by the incisor and the canine teeth,,

and is then triturated between the superior and inferior

molars. The hard surfaces of the teeth, formed of enamel,

cov^ering the pointed crowns of the canines and the tuber-

cules on the molars, enable the teeth to act forcibly, even

on very hard substances, without much risk of injury, whilst
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the delicate sensibility of tlie teeth enables us to graduate the

amount of pressure required. The lower jaw may be moved,

with reference to the upper, either from above downwards or

horizontally. The first movement approximates and separates

the dental arches, whilst the second produces a to-and-

fro movement of trituration. These movements depend

anatomically on the form of the articulation between the

condyle of the lower jaw and the glenoid cavity of the

temporal bone. In carnivora, the form is such as to permit

chiefly of vertical movements, as these animals do not masti-

cate their food, but usually swallow^ it in lumps. A different

form of articular surface, permitting of gliding movements

in the horizontal direction, exists in herbivora, so as to

render possible the extensive lateral movements of the lower

jaw in chewing the cud. Man, who is omnivorous, possesses

a mechanism admitting, within certain limits, of both kinds

of movements. The lower jaw may be pulled down by the

genio-hyoid, the mylo-hyoid, and the anterior belly of the

digastric, all of Avhich are muscles passing from the lower

jaw to the hyoid bone, which is fixed during the movement

in question by the omo-hyoid, thyro-hyoid, and sterno-hyoid

muscles. The lower jaw is raised by the masseter, the

temporal, and the internal pterygoid. When the two ptery-

goids on each side act together, the lower jaw is pushed

forwards, and when the external pterygoid acts on one

side, the jaw is moved horizontally to the same side, as

occurs in the grinding movements of mastication.

In mastication, the food is rolled backwards and forwards,

and from side to side, by the movements of the tongue, an

organ which, by the action of its extrinsic muscles, may be

moved as a whole in all directions, while its intrinsic fibres

permit of a change of form to suit every varying condition.

The tongue also assists in the process as a tactile organ, by

which we become conscious of the position of the bolus of
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food with reference to the teeth, and also by which there is

an almost instinctive knowledge that the food is in a lit

state for deglutition.

The motor nerves concerned in mastication are: (1) the

motor branches of the fifth, supplying the muscles of masti-

cation and the anterior belly of the digastric
; (2) the hypo-

glossal, governing the movements of the tongue ; and (3) the

buccinator branch of the facial. The sensory ntrves belong-

chiefly to the fifth; and the centre, associated with reflex

movements, is in the medulla oblongata.

2, IXSALIVATION.

During the process of mastication, the food is mixed with

•A fluid, termed the saliva, which is secreted from three paii's

of glands, namely—the parotid, submaxillary, and sublingual.

The union of the secretion of these glands, along with a

small quantity of fluid supplied by numerous glands found

under the lining membrane of the lips and cheeks, con-

stitutes the mixed saliva, of which from 2 to 3 lbs. may
be secreted daily.

1. General Physical and Microscoincal Characters ofMixed

Saliva,—Tliis is a transparent or slightly opalescent fluid,

which deposits a small amount of sedi-

ment on being allowed to stand for a

time in a conical vessel. On examin-

ing a small portion of the sediment with

a magnifying power of 350 diameters,

it is found to contain squamous epi-
FiG. 43.- Drop of Saliva, ,, ,. n , . , ^ ,,

siiow-ing, a, pavement or thelium cells, derived irom the mucous
squamous epithelium from , f.

.-, ., i ^ ^ t

mouth; aud b, salivary membrane ot the mouth, and globular

nucleated cells, in which movements

may be distinctly seen, obtained from the salivary glands.

The latter cells are termed salivary corpuscles. In addition
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to these, larger masses of protoplasm, exhibiting amasboid

moYements, are sometimes met with.

2. Chemical Characters of Mixed Saliva.—Mixed saliva

is alkaline, from the presence of the alkaline phosphate of

soda. It contains about 5 per 1000 parts of solid matter.

The solids consist of inorganic substances, such as carbonate

of lime, alkaline chlorides, the phosphates of lime and of

magnesia, and a small quantity of sul|)ho-cyanide of potas-

sium. It also contains some carbonic acid, and traces of

oxygen and nitrogen (see table, p. 44). The organic

materials consist principally of a special substance, termed

ptyaline, which has the remarkable property of converting

starch into sugar. When this substance is obtained tolerably

pure, it is a greyish white powder, readily soluble in watei-.

It belongs to the class of ferments, and it transforms starch

into glucose or grape sugar with great rapidity. In addition

to ptyaline, the saliva contains mucus, albumen, and glo-

buline. The following table shows the results obtained by

the analysis of the mixed saliva of man in three cases :

—

In 1000 Parts.

Water,

Solid Matters,

Ptyaline,

Mucine,

Sulphocyanide of Potassium,...

Salts,

Berzdlius. Frerichs. Jacubowitch.

992-9 994-10 995-16

7-1 5-90 4-84

2-9 1-42 1-34

1-4 2-13 1-62

... 0-10 0-06

1-9 2-19 1-82

3. General Character of Special Salivas.—The secretions

from the various salivary glands have been carefully collected
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and examined, and have been found to present characters

peculiar to each.^ The -p^^^'^'otid saliva is fluid, limpid, and

clear as water. Its reaction is alkaline, but less so than that

from the submaxillary gland. It is very doubtful whether

or not it contains any ptyaline. The submaxillary saliva is

much more viscid, and apparently it contains a larger

quantity of mucus. It also contains ptyaline and sulpho-

cyanide of potassium. The more special characters of this

saliva will be presently described. The fluid obtained from

the sublingual gland is transparent, and extremely viscid,

from the quantity of mucus it contains.

4. Influence of the Nervous System on Salivary Secretion

.

—
The influence of the nervous system on glandular secretion

has been so clearly elucidated in the case of the submaxil-

lary gland of the dog, as to merit the careful attention of

the student at this period of his physiological studies,

and therefore it must be described somewhat more in

detail than will be necessary with reference to the other

secretions.

The following brief account of the results of experimental

investigations into the functions of the submaxillary gland

will be understood with the aid of the diagram in Fig. 43.

This gland receives nerve fibres from three sources, namely,

from the facial, from the submaxillary ganglion, and from

the cervical sympathetic. The chorda tympani, which is a

branch of the facial, joins the trunk of the lingual nerve for

a short distance, and then leaves it to ramify in the gland.

In the angle which it thus forms with the lingual lies the

submaxillary ganglion above mentioned. From it, fibres

originate which reach the gland along with the chorda.

1 The general methods by which saliva and the other fluids of the

body may be examined will be described in a small work by the

author, in course of preparation, entitled "Lessons in Practical

Physiology."
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The sympathetic fibres are derived from the superior

cervical ganglion. {Lauder Bi'uiiton.)

When a canula is placed in the duct of the submaxillary

gland, there flows from it a somewhat turbid, whitish fluid.

On applying weak acids to the tongue, the saliva becomes

more limpid, whilst, on applying alkalies, it is somewhat

Fig. 43.— Diagram showing- the nervous arrangements of the sub-
maxillary glands of the dog : s in, submaxillary gland ; s I, sublingual
gland ; d iv, Wharton's duct, from the submaxillary gland ; d I, duct of

the sublingual gland; /, facial nerve; v, vidian nerve; c t, chorda
tympani, joining the lingual branch of the 5th In; smg, submaxillary
ganglion ; scg, superior cervical ganglion of the sympathetic ; / s, fila-

ment from the sympathetic, passing upwards to join the submaxillary
ganglion smg ; I, sensory branches of the lingual, distributed to the
mucous membrane of the mouth ; m a, deep maxillary artery ; the
figures refer to the points of section of the various nerves, and the
arrows indicate the normal direction of the nerve current.

turbid, white and viscous. It has been found experimentally

that these characters may be more or less changed according

to the nerve stimulated. Thus :

—

1. If the chorda be now irritated at 1, the arteries of

the gland dilate, the stream of blood through them becomes

more rapid, the veins pulsate, and the saliva discharged from

the duct is copious and watery. This variety may be termed
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the saliva of the choi'da tympani. It contains very few his-

tological elements, and consists principally of water, holding

in solution a very small quantity of the various salts.

2. When the sympathetic fibres are excited, the arteries

contract, the stream of blood becomes slower, the veins

contain very dark blood, and the secretion, called saliva of

the synqoatJietic, is ropy, viscous, opaque, and contains

numerous histological elements, such as salivary corpuscles,

«ind the protoplasmic masses already alluded to.

3. If the lingual branch of the 5th be divided below the

anastomosis of the chorda and the sympathetic, certain

stimuli, such as feeble electric currents, or the vapour of

ether, applied to the tongue, cause a discharge of saliva,

saliva of suhmaxillary ganglion, which stops immediately on

dividing the lingual between the gland and the submaxillary

ganglion. The properties of this variety have not been

carefully examined.

4. If the lingual be divided at 4— 3, and a stimulus

be applied to the end next the brain, there is a copious

.secretion, but this is not the case if the chorda tympani has

been previously divided at 1. This would indicate that

there is a nervous arc, consisting of sensory filaments in the

lingual, a nerve centre somewhere in the encephalon, and

secretory filaments in the chorda,—an example of what may

be termed a reflex excito-secretory action. If, after division

of the lingual, the chorda, and the sympathetic, stimulants

be applied to the mucous membrane of the mouth, there is

still an increase of secretion, a fact which can only be

explained by supposing that the submaxillary ganglion acts

iis a subsidiary reflex centre {Claude Bernard).

Ludwig was the first to show clearly that the increased

secretion produced by excitation of the chorda is immediately

dependent on increased activity of the function of the

secreting elements of the gland, and not on changes in the
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bloodvessels ; in other words, that in the submaxillaiy gland

the process of secretion is not a mere filtration, bnt is effected

by changes which go on within the gland itself, of such

a nature as to determine a current from the circulating

blood towards the duct. This conclusion was based by

Ludwig on the observation,— first, that if the duct be con-

stricted, secretion continues, notwithstanding that the pres-

sure in the interior of the gland is greater than that in the

arteries ; and, secondly, that secretion continues after circu-

lation has ceased; e.g., after the head has been severed from

the body. (^Lauder Brunton). In connection with this view

it is important to note that Pfliiger

asserts that the terminations of nerves

may be traced into direct connection

with the protoj^lasm of the salivary

cells, and even with their nuclei. He
also believes that the cells, both of the

alveoli and of the smaller ducts, un- Fig. 45.—Nerves termin-
ating in a cluster of cells in

dero'O extensive disintea-ration durino- a salivary gland ;«, nerve;
°

,

° ° b,b,b, cells ; c, nucleus ;

the active state of the orland, and are d, small swellings on nerve
-

^
- °_^ '

,
fibres.

afterwards renovated. It has also

been ascertained that the chorda contains two kinds of

fibres, one influencing secretion directly, and the other

having an inhibitory action on the bloodvessels. Thus,

atropine paralyses the secretory fibres without having any

efiect on the other kind.

From these facts we draw the following conclusions

regarding secretion : (1) secretion may be increased by direct

action of nervous energy on the protoplasm of secreting

cells
; (2) secretion may be increased or diminished according

to the supply of blood sent to the gland
; (3) secretion does

not depend simply on a mere filtration of fluid from the blood,

but also on cellular activity; (4) the supply of blood to

a gland may be under the control of two antagonistic sets of
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nerve fibres, the one so acting as to increase, while the other

diminishes, the supply of blood; (5) the nervous arrange-

ments of secretion may be under the control of a reflex

centre or centres in close proximity to the gland, or in the

cerebro-spinal axis ; and (6) that secretion is attended with

an increase of temperature, and is thus one of the sources

of animal heat.

Consult regarding structure of salivary glands

—

Quain, vol. 11.

,

p. 339. Stricker's Hand Book, art. Salivary Glands. And re-

garding experimental investigations, Claude Bernard, Lefons sur

la Digestion, p. 282. Lauder Bruxton, in Hand Book for Physio-

logical Laboratory, p. 469.

5. Action of Saliva upon Food.—Saliva acts only upon

one proximate principle of food, namely—starch, which it

converts, first, into dextrine, and afterwards, with the

absorption of water, into glucose or grape sugar. Thus :

—

CeHioOs = CgHjoOs '+ H^O = CgHigOg

Starch. Dextrine. Glucose.

To efiect this transformation quickly, the temperature

must be about 35° C. When the temperature is less, the

action is much slower, and when it rises above 70° C, the

action of the ptyaline is at once arrested. The action is

much more rapid with boiled than with raw starch.

Consult Lauder Bruxtox ut supra. Foster and Langley's

Practica.1 Physiology. Also, for a long and interesting account of

the changes occurring in the starch grain, Beaunis' Physiologic,

p. 379.

The saliva not only effects chemical changes upon the

starch, but it favours articulation by moistening the mouth:

assists in mastication by softening the food, and thus pre-

paring it for the further action of the digestive fluids ; and

it facilitates deglutition, or swallowing.
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B.—DEGLUTITION, OR SWALLOWING.

Under deglutition is included the steps of the process by

which the food is conveyed from the mouth to the stomach.

It may be divided into three periods. During the first, the

bolus is carried through the isthmus of the fauces ; in the

second, it passes through the pharynx ; and, in the third, it

is carried through the oesophagus.

When the bolus arrives at the isthmus of the fauces, an

involuntary and reflex movement commences, which it is

impossible to stop. The tongue is carried backwards by the

contractions of the stylo-glossi and mylo-hyoid muscles ; and,

at the same time, by the action of its intrinsic fibres, the

tongue changes its form, and pushes the bolus from before

backwards, against the soft palate. The bolus then passes

through the isthmus of the fauces, and the anterior pillars

approximate behind it, so as to prevent its return into the

mouth.

The bolus having now reached the pharynx, a series

of simultaneous movements occur, with the object, on the

one hand, of preventing its entrance into the nose, and into

the respiratory passage ; and, on the other, of carrying

it into the oesophagus.

a. Movements of the Fharynx.—The lower jaw, having

been made a fixed point by the muscles of mastication

pressing the dental arches against each other, or against a

bolus of food, the pharynx is drawn upwards, and somewhat

forwards, by the action of the palato-pharyngei, stylo-

pharyngei, the constrictors, and the muscles passing from

the lower jaw to the hyoid bone. The ascension of the

pharynx is accompanied by a similar movement of the

larynx, as may be readily observed by putting the tip of the

finger on the larynx during the act of swallowing. At the

same time, the constrictor muscles of the pharynx contract
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from above downwards, so as to cany the bolus towards tlie

(jesophagns.

b. Closure of the Nasal Passages.—Witli the view of

preventing the regurgitation of the food into the nasal

openings, the soft palate is raised and made tense, by the

levator palati muscles, the posterior pillars of the fauces are

almost completely approximated by the action of the palato-

pharyngei, and the small chink left between them is closed

by the uvula, containing the azygos uvulge. The posterior

border of the soft palate is thus directed almost horizontalh^

backwards, and nearly touches the posterior wall of the

pharynx. In herbivora, such as the horse, the soft palate is

so long as to entirely cut off communication, during deglu-

tition, between the pharynx and the nasal passages ; and,

consequently, regurgitation cannot possibly occur in this

animal. In the dog, on the other hand, the soft palate is so

narrow as not to shut off communication, so that when this

animal is swallowing fluids, a small portion of these is always

returned by the nostrils.

c. Closure of the Resinratory Passage.—This is effected by

closure of the glottis from close approximation of the true

vocal cords, and by depression of the epiglottis, due to the

action of its proper muscles. These movements may be

readily observed with a laryngoscope, an instrument by

which the throat is illuminated, and a reflection of the rim a

glottidis is seen in a small mirror. (^C?^ermak.)

The food, being thus prevented from passing into the

mouth, the nasal passages, or the glottis, is carried down-

wards by the contractions of the pharynx into the oesophagus.

When it reaches the oesophagus, the pharynx falls down-

wards, and the three orifices of the mouth, nasal openings,

and glottis, are opened, and the bolus is carried from

above downwards in the oesophagus by a series of successive

contractions. The movement in the oesophagus is wavelike.
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;is may be seen in the neck of a horse drinking water from a

ti'ongh. Such movements are termed peristaltic. During

(leghitition, the Eustachian tube is open.

The movements above described are excited by the action

of a stimulus, such as a morsel of food or a few drops of

liquid, touching the posterior parts of the tongue and the

anterior parts of the fauces. It would appear that they are

facilitated by the food being slightly moistened, as it will

be found almost impossible to swallow a perfectly dry

powder. It is also to be noted that it is extremely difficult

t() perform the movements with the mouth open.

Nervous Arrangements ofDeglutition.—Deglutition affords

an excellent example of a complex reflex action. Many
muscles are involved in the process, and it is evident that

they must be co-ordinated, both as regards time and amount

of contraction, with the greatest nicety. The sensory nerves

are branches of the fifth supplying the palate ; of the glosso-

pharyngeal, distributed to the tongue and pharynx; and the

superior laiyngeal of the pneumo-gastric, for the upper orifice

of the larynx. The centre is situated in the medulla oblongata;

and the motor nerves are the giosso-pharyngeal, supplying

the muscles of the pharynx ; a twig of the facial distributed

to the palato-pharyngeus ; branches of the fifth, supplying

the palato-glossus, the supra-hyoid muscles, and the muscles

of mastication ; and, lastly, branches of the pneumo-gastric,

sending motor influences to the larynx and cesophagus.

C—CHANGES IN THE STOMACH.

After the food has reached the stomach, it is subjected,

simultaneously, to the following three influences: (1) a

temperature of about 40° C, (2) a regular movement by

which it is slowly rotated in the cavity, and (3) the physico-

chemical action of a special fluid called the gastric juice.

Q
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The form of the stomach varies in different animals according

to the nature of the food, that of carnivora being simple,

whilst that of herbivora is more complicated, as seen in

Fig. 46.

Fig. 46.—Stomachs of various animals ; A, sheep ; B, hyena ; C,

hamster ; D, seal ; E, a salmon ; a, cardiac opening or lower end of

o3sophagus ; h, pyloric opening or beginning of duodenum.

1. Movements of the Stomach.

The wall of the stomach is composed of a serous layer

externally, derived from the peritoneum, a mucous coat

internally, whilst, between the two, there is a contractile

coat, formed of layers of involuntary muscular fibre. Re-

garding the minute structure of these, reference is made to

Quain's Anatomy, Yol. II., p. 349. By slow rhythmical

contractions of these muscular fibres, movements are efiected.

When the stomach is empty, its greater curvature is

directed from above, downwards, but when it is filled, the

stomach rotates on its horizontal axis, so as to cause the

greater curvature to look forwards and the lesser to look

backwards. By this arrangement, the stomach is permitted

to dilate in the direction of least resistance, that is, towards

the anterior abdominal wall. The food is directed from the

cardiac end in two streams, one along the great cul-de-sac

and along the greater curvature to the pyloric opening, and

the other along the lesser to the same opening. At the

pyloric opening, the two streams join to form another current,

which passes back to the cardiac opening almost through the
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central part of the cavity. By these movements the food is

thoroughly mixed with the fluids poured into it from the

mucous membrane of the stomach. During digestion, the

pyloric orifice is firmly closed by the contraction of a strong

band of fibres forming a sphincter, which relaxes occasionally

so as to permit the passage of digested matter from the

stomach into the duodenum. The arrangements by which

this relaxation occurs at definite times are unknown.

a. Mechanism of Vomiting.

Closely connected with the mechanisms just described is

the act of vomiting, which occurs so frequently in various

diseased conditions as to merit special attention. Vomiting

may be caused : (1) by the introduction into the stomach of

iM\ irritating substance, which may act either directly on the

stomach itself, or by being absorbed into the blood, may in-

fluence reflex centres associated with the movements of the

stomach and allied organs (foreign bodies, undigested food,

worms, bile, such emetics as mustard, sulphate of zinc, sul-

phate of copper, tfcc.)
; (2) by the action of poisonous sub-

stances introduced into bloodvessels or absorbed by the skin,

which may influence the stomach directly or the reflex centres

above alluded to (injection of tartar emetic into vessels or

:ibsorption by inunctions of emetine, apo-morphia, ipe-

eachuan, &c.)
; (3) by irritations occuring in other organs

which appear to influence the reflex centres (pregnancy,

abdominal tumours, calculi, passage of gall-stones, &c.)
j (4)

l)y irritations in the neighbourhood of reflex centres them-

selves (inflammatory actions at base of brain, as in acute

tubercular meningitis) ; and (5) by psychical conditions,

such as feelings of loathing and disgust either on seeing a

disagi'eeable object or even remembering an object which

previously excited those feelings. The j)eculiar kind of

vomitinw and nausea known as sea-sickness is also associ-
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ated with nervous arrangements, and will be adverted to in

treating of the sense of equilibrium.

Vomiting is usually preceded by a peculiar internal sensa-

tion called nausea. The first event is a deep inspiration

which, by causing descent of the diaphragm and filling the

lungs with air, affords a fixed surface against which the

stomach may be pressed, either by its own contractions, or

by pressure of the abdominal muscles. The cardiac orifice

of the stomach is then opened by contraction of the longi-

tudinal fibres of the oesophagus, and the walls of the stomach

contract spasmodically, so as to force the food into the

oesophagus, as it cannot escape through the pyloric orifice,

in consequence of the sphincter remaining firmly contracted.

The matters thus ejected into the oesophagus are carried

upwards into the pharynx by an anti-peristaltic movement

;

sometimes the orifices of the larynx and the nasal passages

are closed by the same mechanism as has been described in

deglutition, but frequently, in consequence of the violence of

the action, matters may be forced into these openings. In

violent vomiting, the stomach is forcibly squeezed against

the diaphragm and vertebral column by contractions of the

abdominal muscles.

Vomiting is readily performed by carnivora, but from the

anatomical arrangements it is almost impossible in the horse.

Regurgitation of food from the stomach occurs as a normal

act in ruminants, and human beings are sometimes met with

who have this power. Eructation is a violent expulsion of

gas from the stomach, and causes a sound in the upper part

of the CBSophagus.

b. Nervous Arrangements connected imth the Movements of the

Stomach.

The nerves which supply the stomach are the pneumo-

gastric and the splanchnic, but their exact distribution is still
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unknown. Stimulation of the splanchnic nerves or of the

sympathetic produces no effect upon the movements, whereas,

when the pneumo-gastric is stimulated, vigorous movements

occur. As such movements persist for a time, after division

of both nerves, there can be no doubt that ganglionic centres

exist in the wall of the organ. In the reflex movement of

vomiting above alluded to, impressions are conveyed by

.sensory filaments of the pneumo-gastric to the medulla ob-

longata, and are from tlience transmitted along motor fila-

ments of the same nerve to the stomach, and are also radiated

iilong numerous other nerves to the muscular mechanisms

involved in the act.

2. Physical and Chemical Changes in the Stomach,

The mucous membrane of the stomach contains numerous

tubular glands. The upper part of these glands is lined by

columnar epithelial cells, whilst the lower part contains large,

.spheroidal, coarsely granular cells, which are called peptic

cells, as they are believed to be the agents concerned in the

secretion of gastric juice, of which from 5 to 6 lbs may be

secreted daily. ^ More recently, Heidenhain has attempted

to show that in tlie centre of the gland there are somewhat

smaller, angular, or polyhedral, and finely granular cells,

which are more specially devoted to this function. There

can be no doubt that the columnar epithelial cells of the

mouths of the glands secrete mucus, whilst those placed

more deeply form the elements of gastric juice. In addition,

glands are found more esjiecially in the pyloric region, which,

^ It is useless to attach much importance to the statements made
as to the quantities of the various digestive fluids secreted dailj^

From the difficulty of the observations, and the fact that the amount
will probably vary in different persons, and even at different times
in the same person, under influences of diet, state of health, &c., it

is not surprising that authors should not agree on this subject.
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as they are lined throughout with epithelium, similar to that

covering the general surface of the stomach between the

mouths of the glands, are regarded as mucous glands.

Consult Qitain's Anatomy, vol. II., p. 354.

For purposes of experimental investigation, gastric juice-

has been obtained in various ways. Thus Spallanzani and

Reaumur caused animals to swallow a small perforated

metallic sphere, in which a bit of sponge was inserted, and

which could be withdrawn from the stomach by a thread, or

expelled by vomiting. Again, some rare cases have occurred

in human beings in which a fistulous opening through the

walls of the abdomen into the stomach have become per-

manent, and in some investigations, permanent fistulous

openings have been established in animals. Investigations

into the digestive process have also been conducted outside

of the body by the use of an artificial gastric juice, obtained

by treating the mucous membrane of the stomach of the

dog or pig with glycerine, and acidulating the fluid by

hydrochloric or lactic acids.

The most famous case of gastric fistula that probably ever-

occurred, inasmuch as observations made by means of it laid

the foundation of our knowledge of the process of digestion

(and with which, therefore, every student of physiology

ought to be acquainted) is that of Alexis St. Martin, a

Canadian, eighteen years of age, who, when in good health,

was accidentally wounded by the discharge of a musket on

June 6th, 1822. "The charge," says Dr. Beaumont, who, after

conducting the case to a successful issue, so far as the life of

his patient was concerned, took the man into his employment

and conducted a careful and elaborate series of investigations,

" consisting of powder and duck shot, was received in the

" left side, at a distance of one yard from the muzzle of the

^' gim. The contents entered posteriorly, and in an oblique
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" direction, forward and inward, literally blowing off the

" integuments and muscle to the size of a man's hand,

" fracturing and carrying away the anterior half of the sixth

" rib, fracturing the fifth, lacerating the lower portion of the

" left lobe of the lung, the diaphragm, and perforating the

" stomach." From this injury he gradually recovered ; but,

12 months after the accident, a perforation into the stomach,

2 J inches broad, still remained. Subsequently, a small fold of

the mucous membrane of the stomach appeared, and gradually

increased in breadth, till it filled the aperture and acted as a

valve, opening from without inwards. As the man con-

tinued in health, here was evidently an excellent opportunity

of acquiring information regarding the digestive process in

the stomach.

1. General Physical Characters of the Gastric Juice.—When
obtained pure, it is a limpid colourless fluid, having an odour

somewhat like that of old vinegar. Specific gravity, 1005

Under the microscope, it exhibits no well defined histological

elements.

2. Chemical Composition of Gastric Juice.—It contains

about 10 parts per 1000 of solid matter. A free acid always

exists in gastric juice, which is usually hydrochloric acid,

rarely lactic acid alone^, and not nnfrequently a mixture of

both acids. The mineral salts are alkaline chlorides, chloride

of ammonia, chloride of calcium, and the alkaline and earthy

phosphates. It also contains usually a small amount of

albuminous matter, as indicated by the slight opalescence

caused by the addition of bichloride of mercury. The prin-

cipal organic constituent is pepsine, a substance belonging to

the class of ferments, which, when obtained pure, is a greyish

white, amorphous powder, slightly soluble in water, but

readily soluble on the addition of acid to the water. It

contains nitrogen, but its exact chemical composition has

not been determined, probably from the difficulty of obtaining
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it pure. It is important, for experimental purposes, to

recollect that it is readily given up to glycerine, so that a

digestive-glycerine-extract may be obtained by cutting the

mucous membrane in small pieces and immersing them in

that fluid. The following is an analysis of the gastric juice

of man as contrasted with that of the dog and sheep :

—

In 1000 Parts. Man. Dog. Sheep.

Water, \
994-40

Solids, . 5-60

973-0

27-0

986-15

13-85

Pepsin and Organic Matter,

Chloride of Sodium,

Chloride of Potassium, .

.

1

Chloride of Ammonium,

Chloride of Calcium, !

Free Acid, i

Phosphate of Lime, '

Phosphate of Magnesia,

Phosphate of Iron, '

3-19

1-46

0-55

0-06

0-20

0-12

17-1 4-05

2-5 4-36

11 1-52

0-5 0-47

0-6 Oil

3-1 1-23

17 ri8

0-2 0-57

01 0-33

3. Chemical Action of the Gastric Juice.—The gastric juice

acts only upon albuminous substances, which it transforms

into ijeptones, or bodies readily soluble and diffusible, and

consequently in a condition permitting of ready absorption

into the blood. Peptones are distinguished from alburainoiLS

substances by the following general characters :

—

1. They are always readily soluble in water.

2. They diffuse through organic membranes with great

facility, and their endosmotic equivalent is small.

3. They are not precipitated by boiling, as happens with

ordinary albumen.
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4. They are not precipitated by mineral acids, nor by tlie

percliloride of iron, sulphate of copper, nor by the

majority of metallic salts.

5. When injected into the blood, they do not appear as

albumen in the urine.

When more carefully studied, as has been done by Briicke,

Meissner, and others, they are found to present various

niodifications, with the general characters of which the

student ought to be acquainted. These are :

—

1. Peptones Proper—of which there are three varieties, all

agreeing in being very soluble in water and in dilute

acids, but differing as follows :
—

(a) A. Peptone^ precipitated from neutral solutions by con-

centrated nitric acid, and by ferrocyanide of j)otas-

sium from solutions slightly acidulated with acetic

acid.

(b) B. I^epto7ie, precipitated by ferrocyanide of potassium

and not by nitric acid.

(c) c. I^eptone, precipitated by neither nitric acid nor by

ferrocyanide of potassium.

2. Parapeptones—These are precipitated from slightly acid

or slightly alkaline solutions by a mixture of alcohol

and ether; they are precipitated by concentrated

solutions of neutral salts, such as sulphate of soda, and.

the prolonged action of the gastric juice, or boiling,

renders them insoluble. The insoluble state has been

termed dyspeptone.

3. Metap>eptones.—If a fluid be previously neutralized and

any parapeptone present be removed by filtration, the

addition of a very small quantity of acid causes a.

flocculent precipitate, called metapeptone, soluble in

excess of the acid, and which may be reprecij^itated

by concentrated mineral acids.
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The foilGiving conditions favour or retard the transforma-

tion of albumen into peptones : it is accelerated by a

temperature of 38° C, and by movement, and, on the other

hand, it is retarded by fall and rise of temperature, being

arrested at 5° and 60° C. It is also retarded by an excess of

acid, alkali, or alcohol. The presence of an excess of pep-

tones in the fluid also arrests the process.

The union of an acid and of pepsine, is indispensable in the

digestive action of the gastric juice. It has been supposed

that pepsine forms with the acid a combination, called cJiloro-

pejytic acid, easily split up into its two components. This

decomposition occurs principally in the presence of albu-

minates, and the hydrochloric acid set free dissolves and

transforms the albuminates into peptones, while the pepsine

thus liberated immediately recombines with a new quantity

of hydrochloric acid to form chloropeptic acid, as before.

This theory explains why it is that in addition to the

presence of a fermentive substance, pepsine, a supply of free

acid must also be available.

4. General Conditions ofDigestion.—The conditions which

affect digestion in the stomach are the following

:

a. The secretion of gastric juice is incessant during the

whole period of digestion in the stomach, and the food is

mixed with the most suitable proportions of acid and of

pepsine, and in the most convenient state of dilution.

h. The peptones are absorbed by the bloodvessels of the

stomach along with other soluble matters and water as

quickly as they are formed, or, they may pass with the rest

of the food into the small intestine.

G. The movements of the stomach also facilitate the

action of the gastric juice by bringing successively all parts

of the food into close connection with the juice secreted by

the mucous membrane.
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Nervous Arrangements Connected ivith the Secretion

of Gastric Juice.

During the intervals of digestion, tlie lining membrane of

the stomach is of a pale greyish colour and is covered with a

small amount of alkaline fluid, probably mucus. "When

excited mechanically by the entrance of food, or by a

stimulating substance, such as a weak alkaline fluid, it

becomes pink or even red in colour, and fluid is copiously

poured from it. The secretion may also be excited by

emotions or feelings, as on seeing or smelling or even re-

membering a savoury dish, a fact which indicates that it

is somehow connected with the central nervous system.

Kutherford has shown that when the pneumo-gastrics are

cut during digestion the mucous membrane of the stomach

becomes pale, and that stimulation of the peripheral end pro-

duced no effect while stimulation of the central end caused

the membrane again to become red. These interesting facts

would appear to show that impulses are transmitted from

the stomach to the medulla along the pneumo-gastric which

inhibit or restrain the action of a vaso-motor centre in that

part of the nervous system. When this occurs, the nervous

energy passing from it to the vessels of the stomach is

weakened or removed, and consequently the vessels of the

organ dilate. The motor tract by which influences pass to

the vessels of the stomach so as to maintain them in a state

of partial contraction is unknown, but, as from Rutherford's

observation it cannot be in the pneumo-gastrics, it is probably

in the sympathetic or splanchnic nerves. Any direct influ-

ence on gastric secretion, as is the case in the salivary glands,

has not been discoA^ered.

Results of Digestion in the Stomach.—By the combined

influence of temperature, movement, and the physico-chemical
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action of the gastric juice, the food is reduced to a hetero-

geneous mass of matter having an acid odour and a colour

and general appearance .varying according to the nature of

the food.

This matter is called chyme, and it consists of various

salts; of water; of saccharine matter, which has been ob-

tained from starch by the action of the saliva; of starch which

has escaped the action of saliva, or has been set free by

rupture of the walls of vegetable cells containing it ; of fatty

matter, either introduced as such in the food, or set free

from animal cells ; of albuminous substances of various

kinds, either as peptones or in process of conversion into

such ; and of indigestible materials which are unsuitable for

being acted upon by the digestive fluids. For practical

purposes, it is necessary to study a little more in detail the

specific effect of digestion upon albuminous proximate prin-

ciples, and upon a few substances existing in almost every

-diet.

1. Action on Proximate Principles.

a. Fih'hie swells, and in a short time is dissolved so as to

form a clear fluid, which is not affected by heat.

b. Fluid or Raw Albumen is not coagulated, but assumes

a milky appearance, probably from the connective

tissue v/hich it contains.

€. Solid or Coagulated Albumen becomes somewhat

swollen, covered with flocculent matter, slowly dis-

integrates, and in course of time is reduced into a soft

pulp, which may ultimately dissolve.

<}. Gaseine forms, after a considerable time, a turbid

solution, which contains peptones of various kinds,

including about 20 per cent, of dyspeptone, the

presence of which may possibly explain the difficulty

I

I

I
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experienced by most persons in digesting sucli an

article of diet as cheese.

e. Gluten.—E-aw gluten disappears very quickly in the

gastric juice, and it is said .not to show the pulpy

covering which is seen in ' semi - digested masses

of other albuminous matters. When cooked, its-

digestion is exactly the same as that of coagulated

albumen.

f. Syntonine is quickly converted into a coherent jelly,

which is transformed into various kinds of peptones.

g. Legumine is quickly digested in gastric juice, and it

has been asserted that this may occur with the

action of acid alone, as legumine contains a substance

analogous to pepsine.

h. Gelatine is dissolved rapidly in the gastric juice without

being previously converted into a pulpy mass, and

the solution, which may be called the peptone of

gelatine, does not gelatinize in cooling, as a solution

of ordinary gelatine would do.

i. Gastric Juice has no action upon elastic tissues, corneal

tissue, cellulose, starch, and mucus, but it dissolves

gum, cane sugar, and other soluble substances with-

out affecting their composition.

j. Salts soluble in acidulated water, such as carbonates and

phosphate of lime, may be dissolved, whilst car-

bonates may be transformed into chlorides with

liberation of carbonic acid.

2. Action on Certain Alimentary Substances.

a. Milk is coagulated very rapidly in the gastric juice, the

sugar and the salts dissolved in the fluid part are

quickly absorbed ; the fat, in the form of butter, is

liberated by rupture of the walls of the milk globules ;



254 SPECIAL PHYSIOLOGY.

and the caseine is converted by the gastric juice into

peptone, as already described.

b. Muscle.—The fibres are separated with greater or less

rapidity by solution of the connective tissue between

them ; the transverse strise become well marked,

and the fibres show a tendency to transverse cleav-

age. By these processes, the fibres are broken up

into particles, which ultimately disappear. Diges-

tion of muscle is more rapid when it is cooked,

probably because that operation assists in breaking

down the fibres.

c. Connective Tissues.—Such tissues as ligaments, tendons,

membranes, and cartilages, especially if they be raw,

are very slowly dissolved. When cooked, they are

acted upon in the same manner as gelatine. Elastic

tissue and nuclei are apparently unafiected by the

• digestive fluids. During digestion, fat is set free by

solution of the cell walls.

d. Vegetable Substances.—In the raw condition, these are

not easily digested by the human being, in conse-

quence of their nutritive materials being usually

enclosed in cellulose Avails. When cooked, the walls

of these cells are softened or ruj^tured so as to set

free the sugar, starch, or gluten, contained in them,

which are then acted upon in the manner already

described.

Raindity of the Digestive Process.—Numerous experiments

made with artificial digestive fluids have shown that diges-

tion goes on much more slowly in them than in the stomach.

According to the experiments of Dr. Beaumont upon St.

Martin's stomach, the rapidity of digestion varies according

as the food is more minutely divided, whereby the extent of

surface vfith which the gastric fluid can come in contact
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is proportionally increased. Liquid substances are for

the most part absorbed by tlie vessels of the stomach at

once, and any solid matters suspended in them, as in soup,

are concentrated into a thicker material before the gastric

juice operates upon them. Solid matters are affected so

rapidly during health, that a full meal, consisting of animal

and vegetable substances, may be converted into chyme

in about an hour, and the stomach left empty in about two

hours and a half. Dr. Beaumont found that among the

substances most quickly digested were rice and tripe^ both

of which were digested in one hour. Eggs, salmon, trout,

apples, and venison were digested in one hour and a half

;

tapioca, barley, milk, liver, and fish in two hours ; turkey,

lamb, and pork in two hours and a half. Beef, mutton, and

fowls required froin three to three and a half hours, and

these were more digestible than veal. These facts were

different from what was anticipated, and show that pre-

vailing notions as to the digestibility of different kinds of

food are very erroneous. It must be remembered, however,

that easy digestibility does not imply high nutritive power.

A substance may be nutritious, though so hard as not

to be easily broken down ; and many soft, easily digested

materials may contain a comparatively small amount of

nutriment.

General IlygieniG Conditions. — Excluding individual

peculiarities, these may be briefly stated as follows :— (1)

The quantity of food taken— the stomach should be

moderately filled, but not distended
; (2) the time which

elapsed since the last meal—this should always be long-

enough for the food of one meal to have completely left the

stomach before more is introduced
; (3) the amount of

exercise previous and subsequent to a meal—gentle exercise

being favourable, and over-exertion injurious to digestion
;

(4) the state of mind—tranquillity of temper being apparently
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essential to perfect digestion
; (5) the bodily health; and (6)

period of life—digestion being more active in the yonng

than in the old.

Consult Beaumont, Exper. aud Observations on the Gastric

Juice, Boston, 1834,—An excellent popular account of digestion for

non-professional readers will be found in Combe's Physiology of

Digestion, edited by Arthur Mitchell ; consult, also, Wundt's
Physiologic, p. 164 ; Beaunis' Physiologic, p. 384 ; Lauder
Brunton ut supra, p. 467 ; and Foster's Text Book of Physiology,

p. 175.

D.—CHANGES IN THE SMALL INTESTINE.

After the food has escaped from the stomach through the

pyloric orifice, it is slowly propelled along the small intestine

and mixed with three secretions, namely, the bile, the

pancreatic juice, and the intestinal juice. It is therefore

necessary to describe in the first place the movements of the

intestine, afterwards, tlie physical aiid chemical characters of

the juices, and finally the influence which these exert on the

proximate constituents of food. It must be remembered also

that as the chyme passes along the bowel, it is slowly losing

water, soluble matter, and fats, as will be fully explained in

treating of absorption.

1. Movements of the Small Intestine.

These consist of regular and successive contractions from

above downwards by which the calibre of the tube is dimin-

ished, and also of contractions in the direction of the long

axis of the tube which appear to shorten the length of a

small portion of it, and, when energetic, to move a loop of

intestine as a whole. The circular contractions are no doubt

due to the actions of the circular fi.bres, whilst the others

depend on shortening of bundles of the longitudinal fibres.

When carefully watched, in an animal recently dead, it is
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easy to observe that both sets of fibres ia a segment of the

bowel may act at the same time so as to produce a peculiar

twisting movement which is unlike anything else. Such

movements are termed peristaltic, and by them the food is

slowly pro])elled along the intestine. It has been stated that

there is a reverse current of more fluid matter in the centre

of the bowel, but this is doubtful.

Nervous Arrangements of the Movements.— It is well

known that there are two nervous plexuses in the coat of

the intestine, the one (Meissner's plexus) found in the sub-

mucous coat of connective tissue, and the other (Auerbach's

plexus) between the two muscular layers. The intestine is

also supplied with filaments from the pneumo-gastric and

splanchnic nerves. As peristaltic movements occur readily

on stimulation after a portion of the bowel has been severed

from its nervous connections, it is evident that these move-

ments are regulated by ganglionic centres in the wall of the

bowel itself. Peristaltic movements may be excited in a

portion of intestine either mechanically or by electricity ; and

it has been found that the amount of blood supplied to the

bowel has also an important influence upon them. Thus a

state of emptiness or of great fulness of the vessels appears to

excite the movements, and it has been supposed that the

increased supply of blood to the bowel during digestion may
act as a normal stimulus in carrying on the movement. The

movement, however, may be influenced by the action of the

pneumo-gastric or of the splanchnic nerves. Thus, stimulation

of the pneumo-gastric increases, whilst stimulation of the

splanchnic arrests, the movements. The pneumo-gastric may
therefore be regarded as a motor nerve for reinforcing the

activity of the ganglionic centres, and the splanchnic as an

inhibitory nerve for restraining and controlling these centres.

There can be no doubt also that intestinal movements may
be influenced by impressions coming from the higher nervous

R
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centres, as is exemplified by the constipated condition which

is frequently met with in nervous affections, and phenomena

of a similar nature.

Consult regarding this matter Wundt's Physiologie, p. 152

;

Lister: Proceedings of the Eoyal Society, 1858; and Eeport by

Pye-Smith and Lauder Brunton, Trans, of the Brit. Association,

1875-76.

2. Physical and Chemical Characters of the Juices.

The hile and i)ancreatic juice flow by a common orifice into

the duodenum, about three or four inches below the pylorus,

and the intestinal juice ^ secreted by Brunner's glands in the

duodenum, and by the crypts of Lieberkiihn throughout the

whole length of the small intestine, mix with the chyme

during its passage. The minute structure of all of these

parts is fully given in Quain's Anatomy, Vol. II., pp. 357

to 380, and it is only within the scope of this work to

describe the general characters of these secretions and the

effects which they produce upon the chyme.

A. The Bile.

1. Physical and Chemical Characters of the Bile.

This fluid, which is one of the products of the largest

gland of the body, the liver, is to be regarded both as a

digestive fluid and as an excretion. It will be conven-o

ient here, however, to give a short description of its general

characters, to which reference may be again made when we

discuss its history as an excretion.

For experimental purposes, bile may be obtained by the

formation of an artificial fistula. This operation, which has

been most frequently performed on dogs, is both difficult and

dangerous. In the hands of competent observers, however,
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it lias been the means of giving much direct information

regarding the bile which could not otherwise be obtained, as

biliary fistuke in the human being are very rare.

Fresh bile is a yellowish-green fluid in herbivora, and it is

reddish-yellow in man, and in most carnivora. It has a

peculiar odour and a bitter taste. Specific gravity, 1026

to 1030; neutral reaction. After coming from the gall

bladder, it contains a large quantity of mucus. When
exposed to the air, it becomes more decidedly green in

colour. A solution in concentrated sulphuric acid presents

well marked fluorescence : it is pink by transmitted, and

green by reflected light. In 1,000 parts, there are about 430

of solid matters, which consist of inorganic substances,

cliolestrine, colouring matters, and bile salts. In addition,

the bile contains a considerable quantity of carbonic acid

and traces of oxygen and nitrogen (see table, p. 44).

The mineral matters contained in bile consist of chlorides

of sodium and of potassium, phosphates of soda, lime, and

magnesia, carbonate of soda, oxide of iron, and traces of

silica. In many cases, also, traces have been found of

manganese and copper.

The colouring 'matters of bile are bilirubine and biliver-

dine, the general characters of which are described in

appendix A. These matters, being insoluble in water, are

kept in solution by the alkalies and bile salts. After bile

has stood for sometime exposed to the air, other colouring

matters are produced by oxidations of bilirubine.

The hile salts are glycocholate and taurocholate of soda.

The glycocholate is found in small quantity in the bile of the

human being, and of carnivora, whilst it is very abundant

in that of herbivora. It may be obtained as a precipitate

from an aqueous solution of crystallized bile, by the addition

of dilute sulphuric acid. Taurocholic acid contains sulphur;

it is found in the bile of carnivora, and in human bile is in
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much greater abundance than the other acid. In the fresh

condition, bile does not contain any of the derivatives of these

acids, but small quantities of other nitrogenous compounds,

such as urea, lecithine, &c., may be found.

The following is an analysis of human bile in 1,000

parts :—

^

Water, . . . . . . .862
Solids, 138

Salts of the bile acids, .... 82

Colouring matter, . . . . . 22

Cholestrine, 26

Salts, consisting principally of chlorides of

sodium and of potassium, and phosphates

of soda, lime, and magnesia, ... 8

2. Physiological Characters of the Bile.

Quantity.—The quantity of bile secreted in 24 hours is

much greater in herbivora than in carnivora ; thus, while a

dog will secret only -^Qth. of its weight, a rabbit will

secret -^Qth, and a guinea pig still more. Various esti-

mates have been made as to the amount secreted by man,

but the most probable is about 2J lbs.

Variations during Digestion.—Bile is secreted continu-

ously and under a certain pressure, but the amount is

increased during the different phases of digestion. In animals,

such as the rabbit, in which the stomach is always more or

less full, these variations are not so marked ; but in man,

and in the dog, the secretion increases shortly after the

introduction of food, attains a maximum in from four to

1 The variations produced in the composition of bile by the

influence of the circulation and of the nerves will be stated in treat-

ing of biliary excretion.
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eight hours thereafter, and then slowly declines. The total

quantity of bile formed is also affected by the nature of the

food. Thus it is greater after an aliment consisting of

fat, and is smaller after a diet composed entirely of flesh.

It is asserted that the quantity of bile is diminished by an

insufficient diet.

3. Action of the Bile on Elements of Chyme.

The bile has no action upon albuminates, such as common
albumen or fibrine, but it precipitates the peptones and

parapeptones formed by the action of the gastric juice, and

also the pepsine of this fluid. The precipitate thus formed

is yellowish, flocculent, and resinous, and it adheres readily

to the villi on the lining membrane of the bowel. Thus, the

bile arrests the process of digestion of albuminates by the

gastric juice,—as sometimes happens wlien, during what

is called a bilious attack, it regurgitates into the stomach.

The albuminates are, however, afterwards acted upon by

the pancreatic and intestinal juices.

Bile has no direct action upon carbohydrates.

Bile is one of the princippJ agents in the digestion of fats.

It dissolves a considerable amount of fatty acids, and it is

believed that these unite with the alkaline bases of the

bile salts, setting taurocholic and glycocholic acids free.

The salts thus formed, and the bile acids then saponify any

neutral fats in the intestine. {Claude Bernard). As the bile is

an alkaline fluid, it also probably assists in the absorption of

fats by lubricating the mucous membrane of the bowel. It

may also act as a stimulant to the movements of the bowel,

as a constipated condition usually exists when the bile is

not poured in sufficient quantity into the alimentary canal.

Finally, it may have an antiseptic action on the matters

contained in the bowel.
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B. The Pancreatic Juice.

1. Physical and Chemical Characters of the

Pancreatic Juice.

The j^ancreas is a racemose gland, similar in structure to

the salivary glands. The juice has been obtained from the

dog and ox by fistulous openings.

When obtained pure, it is a limpid, colourless, slightly

viscous fluid, which may form a thin coagulum on heating.

Specific gravity, 1010 to 1015; strongly alkaline. It

contains : (1) albuminates coagulable by heat
; (2) three

ferments., one of which transforms starch into sugar, the

second decomposes the fats, and the third acts upon

albuminous substances
; (3) nitrogenous bases, such as

leucine, guanine, tyrosine, xanthine, &c., are also found in

small quantity
; (4) salts, such as chloride of sodium, alka-

line and earthy phosphates, and alkaline carbonates. The

following is an analysis of 1,000 parts of pancreatic juice :

—

From a permanent On opening the

fistula. duct.

Water, .... 970-45 900-76

Solids, . . 29-55 99-24

Ferments, such as pancreathie, &c ., 22-71 90-44

Salts, 6-84 8-80

Soda, -united to pancreatine, 3-32 0-52

Chloride of sodium, 2-50 7-35

Chloride of potassium, . 0-93 0-20

Phosphate of lime. 0-07 0-41

Phosphate of soda. 0-01

Lime, united with pancreatine, ... 0-32

Magnesia 0-01
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2. Physiological Characters of the Pancreatic Juice.

Quantity.—From tlie dog about 4 grammes per kilo-

gramme of the weight of the body have been collected in 24

hours. From these data, and taking into account the weight

of the pancreas in man, it has been roughly calculated that

from 200. to 250 grammes may be secreted by a human
being in 24 hours.

Variations during Digestion.—The secretion of pancreatic

juice is intermittent. It begins immediately after the intro-

duction of food into the stomach, attains a maximum several

hours afterwards, and then slowly diminishes. It is

secreted, however, in very small quantities during the

intervals of digestion. Judging from what has been seen

in animals having a fistulous opening, at the commence-

ment of digestion, it is viscous and very coagulable, and

towards its close it becomes more lim|)id, is not coagulable,

and has a much lower specific gravity. By such observations,

also, it has been ascertained that a large amount of nutritious

food increases not only the quantity, but improves the quality

of the secretion, and that any circumstances afiecting the

general health of the animal have a contrary effect.

3. Action of Pancreatic Juice on Elements of Chyme.

The pancreatic juice has an influence upon starch, fats,

and albuminoid substances : (1) By the action of a special

ferment, which has been isolated, it transforms starch into

sugar in a manner identical with the action of saliva, but

much more rapid. It is asserted that the juice of the newly

born child does not possess this property. (2) It has a

double action upon fats : {a) forming an emulsion, in which

the fatty particles are very finely divided : and (5) it decom-
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poses the neutral fats into fatty acids and glycerine, and it

has been supposed that the fatty acids thus set free unite

with the alkalies of the pancreatic juice to form soaps. (3)

The action of the juice on albuminous matter is more com-

plicated, and may be divided into three successive stages,

namely : (a) albuminates are converted into peptones, which

are apparently identical with those formed by the gastric

juice; (6) these peptones are partially converted into leucine

and tyrosine ; and (c) from the leucine and tyrosine thus

formed, peculiar substances are produced, having a strongly

fgecal odour, amongst which indol has been found. It is

highly probable that in the normal state the greater quantity

of the peptones thus formed are absorbed, and that the

remainder are resolved into the derivative bodies just

mentioned.

C. The Intestinal Juice.

1. Physical and Chemical Characters of the Intestinal

Juice.

The juice, sometimes called the enteric juice, secreted by

the glands of Brunner and the crypts of Lieberkiihn, is very

difficult to obtain in a perfectly pure condition. It is a

transparent, limpid, slightly yellowish fluid, strongly alka-

line, and coagulable by heat and by acids. Specific gravity,

1011. It contains about 2J per cent, of solid matter, which

consists of organic matter not yet identified, and salts, of

which the chief is carbonate of soda. It also contains,

according to Bernard, a ferment which transforms cane

sugar into inverted sugar (a mixture of glucose and levu-

lose). The mode of secretion of this juice, so far as varia-

tions during the digestive process are concerned, is un-

known.
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2. A ction of the Intestinal Juice on Elements of Chyme.

From the difficulty of obtaining the juice in a perfectly-

pure condition, and free from admixture with the other

digestive fluids, it has been found very difficult to ascertain

its true functions. It appears to combine more or less all

the properties of the other fluids, that is to say, it converts

starch into sugar, emulsifies fats, and also acts upon albumi-

nates.

RECAPITULATION.

It may be useful to the student biiefly to recapitulate

tlie chief facts relating to the changes which the chyme

undergoes in the small intestine.

1. Genercd Characters of Intestinal Digestion.

When the chyme passes through the pylorus into the

small intestine, the action of the gastric juice is almost

completely arrested, and the acid fluid excites the efflux of

bile, pancreatic juice, and intestinal juice. As these juices

are alkaline, they gradually neutralize the acidity of the

chyme, so that that fluid towards the end of the duodenum

becomes alkaline and remains so until the termination of

the small intestine. In the small intestine, all the elements

of food, albuminates, starches, fats, and sugars, are modified

and transformed so as to be rendered assimilable. It is to

be noted that the precipitation of peptones by the bile occurs

only whilst the chyme is acid, so that the bile does not interfere

with the digestion of peptones except in the upper part of the

duodenum. In the upper part of the intestine, the chj^me

is coloured slightly yellow by the bile, but it becomes of a

paler colour towards the lower end of the bowel. As it
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passes downwards, it gradually becomes more alkaline, and

contains a smaller quantity of alimentary matters not di-

gested, traces of leucine and tyrosine, and intestinal secre-

tions, especially the bile. When it reaches the lower end of

the bowel it has a fsecal character. The gases contained in

the small intestine are nitrogen, carbonic acid, and hydrogen.

The first two probably arise from the butyric fermentation

of carbohydrates.

2. Changes Produced in the Proximate Principles.

These may be briefly stated as follows :

—

1. Starch is converted into sugar by the action of the

saliva, pancreatic juice, and intestinal juice.

2. Cane Sugar is converted into inverted sugar by the

intestinal juice.

3. Cellulose may be converted into glucose. This is

certainly the case in herbivora, but it is probable

that in man most of the cellulose passes untouched.

4. Fats are liquefied in the stomach by the gastric juice

dissolving the walls of the fat cells, and by heat.

They are afterwards emulsified by the pancreatic

juice, and slightly also by the bile. They are also

split up by the pancreatic juice into glycerine and

fatty acids, and these latter unite with the alkalies of

the bile and of the pancreatic juice to form soluble

soaps fit for absorption.

5. Albuminates are converted into peptones by the gastric,

pancreatic, and intestinal juices. Some of the pep-

tones formed by gastric digestion are precipitated by

the bile in the duodenum, and are redissolved in the

lower part of the intestine; and some of those formed

by the action of the pancreatic juice are transformed

into leucine and tyrosine.
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6. Gelatine is simply dissolved by the digestive fluids, and

it thereupon loses its power by gelatinizing. It is

probably not converted into peptones.

7. All soluble salts are dissolved in the mouth and in the

stomach by the saliva and gastric juice ; the salts of

lime and the phosphates of magnesia are dissolved by

the gastric juice. Carbonates are decomposed, car-

bonic acid being set free, whilst the base unites with

the hydrochloric or lactic acid of the juice. Organic

salts, such as tartrates, malates, &c,, are transformed

into carbonates.

8. Water, and probably also alcohol, are directly ab-

sorbed.

3. Resume of the Action of the Digestive Fluids.

The action of the digestive fluids ma}^ be thus briefly

recapitulated :—
1. Saliva—converts starch into glucose, or grape sugar

—

converts cane sugar into inverted sugar.

2. Gastric Juice—converts albuminates into peptones-

coagulates caseine of milk—dissolves albuminous walls

of cells—disintegrates muscular fibre—dissolves gela-

tine.

3. Bile—precipitates part of the peptones—emulsifies fats

—may decompose, and assists in absorption of, fats.

4. Pancreatic Juice—converts starch into sugar—converts

cane sugar into inverted sugar—emulsifies fats

—

decomposes fats into fatty acids and glycerine—
changes albuminates into peptones, and these into

leucine and tyrosine, and the latter into indol and

various fsecal substances.

o. Intestinal Juice—appears to combine, to a feeble ex-

tent, the properties of all the other juices.
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E.—CHANGES IN THE GREAT INTESTINE.

"When the alkaline chyme, poor in alimentary matters in

consequence of absorption, reaches the great intestine, it has

certain of the characters of faeces, and these become more

marked towards the termination of the great intestine. This

part of the alimentary canal receives only the secretion

from numerous tubular glands, exactly similar to those of

Lieberkiihn in the small intestine. We shall consider (1)

the movements by which the food is propelled onwards ; and

(2) the chemical and physical changes which occur in the

bowel.

1. Movements of the Great Intestine.

The movements of the great differ from those of the small

intestine by occurring much more slowly, and, in conse-

quence of the anatomical arrangements of the peritoneum,

by permitting greater facility of moving one portion of the

bowel with reference to another. In consequence of the

slowness of the movements, the passage of material occupies

a much longer time than in the small intestine, although the

latter is at least three times the length of the great intestine.

Thus the time occupied in the small intestine is from two to

three hours, whilst from 12 to 24 hours are required for

transmission through the great intestine. This arises from

the matters remaining for a lengthened period in the caecum,

where they become more solid in consistence from the absorji-

tion of water. They are also delayed, probably, by the sharp

ridges projecting into the interior of the bowel, which divide

the elongated cavity into a series of loculi or compartments

communicating with each other. Finally, the matters

accumulate in the rectum, where they are retained by the

action of the sphincters.
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Nervous Arrangements of the Movements.—Nothing defi-

nite is known regarding this 2)oint, except that irritation of

the pnennio-gastric excites the movements, whilst irritation

of the spLanchnic is followed by no effect. It is probable

that the latter nerves may exercise an inhibitory influence

over the ganglia in the wall of the bowel.

Movements of DefcBcation.—Pressure of the fseces on the

unicous membrane of the lower part of the rectum excites a

desire, which is followed by evacuation. When this pressure

does not pass a certain limit, the tenacity of the sphincter, to

a certain extent under the control of the will, resists evacua-

tion. When the desire reaches a certain intensity, there

ensue a series of reflex intermittent contractions of the

rectum, and of the sigmoid flexure of the colon, which tend

to expel fsecal matters. These contractions overcome the

resistance of the internal sphincter, but the external

sphincter, by an effort of will, may be still firmly closed. If

the desire be now yielded to, the matters are voided by the

combined action of the rectum, and of the abdominal muscles,

which latter are assisted in their efforts by fixation of the

diaphragm. These muscles compress the abdominal cavity,

and thus assist in expulsion. The movements are under

the control of a special reflex centre, situated in the

lumbar region of the spinal cord. It would appear, also,

that this centre is under the control of still higher centres,

as paralysis of the sphincters, and involuntary evacuations,

occur when the higher centres are affected, as in coma.

2. Physical and Chemical Changes in Great Intestine.

In consequence of fermentive changes, such as the libera-

tion of fatty acids from fats, and the production of lactic

acid from sugar, which occur in the small intestine, the

matters in the great intestine exhibit an acid reaction. In

man, alimentary matters do not undergo any further diges-
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tioii in the great intestine, and the fseces are gradually

formed from the refuse materials of food, biliary products,

and various substances excreted from the wall of the bowel.

In herbivorous animals, however, a kind of secondary

digestion occurs in the greatly enlarged caecum met with

in these animals, and it is just possible that, to a very

limited extent, the same process may occur in man. A
portion of the bile reaches the great intestine, and is there

transformed into taurine, glycocine, cholalic acid, choloidic

acid, and dyslisine, all of which, along with bile acids and

bile pigments, are found in the fseces.

Characters of the Fceces.—These have a peculiar odour,

which is characteristic not only of the animal, but even of the

individual, and varies from time to time. This odour is be-

lieved to depend upon the products obtained by the decomposi-

tion of peptones, and from excrementitious substances separ-

ated by the wall of the bowel. Fseces vary in colour,

according to the kind of food and the amount of biliary

matter present. Thus, with a i-icli animal diet, the fseces

are dark coloured; with a vegetable diet, light, or slightly

green ; and a mixed regimen produces a brownish-yellow

colour. They become clay coloured, and very offensive

during jaundice, a condition in which little or no bile

passes into the alimentary canal.

The microscopical examination of fseces shows the presence

of elastic tissue, fragments of muscular tissue, cholestrine,

fat globules, starch grains, epithelial cells, vegetable cells and

fibres in various states of disintegration, and crystals of

triple phosphate, &c.

The fseces contain 25 per cent, of solid matter, of which

from 3 to 4 per cent, consists of various salts, the chief

being the triple phosphate of ammonia and magnesia. A
crystallizable body termed excretine has been obtained from

fseces by Marcet.
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The gases found in the great intestine consist of traces of

oxygen, hydrogen, carbonic acid, nitrogen, light carburetted

hydrogen, and sulphuretted hydrogen, and the quantity and

kind of the gases would appear to depend upon the nature

of the food. This is illustrated by the following table, which

gives the composition of the feeces of a dog fed with animal

and vegetable food (Bischoff and Voit) :

—

Flesh.
when

fed with
Flesh.

Carbon,
\

51 "95

Hydrogen,
\

7-18

Mtrogen, - 14-11

Oxygen,

Salts, ...

21 37

5-39

100-00

43-44

6-47

6-50

13-58

30-01

Bread.

-41

-45

-39

•63

-12

F^ces when
fed with
Bread.

•39

•59

•92

•08

•02

100 •OO 100-00 1 00^00

Quantity of the Fmces.—Their quantity varies from 100 to

200 grammes per day, and it may even be so high in some

individuals as 450 grammes. The amount is largely in-

creased by a vegetable diet.

Having traced in detail all the processes by which

the food is rendered fit for absorption during its passage

through the alimentary canal, we now pass on to describe

the mechanism by which the nutritious matter is taken up

into the blood.
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II.—ABSOHPTION.

By absorption we mean the introchietion of certain sub-

stances into the blood. These may enter the blood either

directly through the walls of vessels, through an epithelial

layer, or through the epidermis or uppermost layer of the

skin. Thus we may have in the alimentary canal absorp-

tion by the . capillaries of the mucous membrane, or by

special vessels named lacteals ; in the shut sacs of the body,

such as the pleura and peritoneum, absorption may occur, in

all probability directly into vessels connected with the

lymphatic system ; and the process is also carried on to a

greater or less extent by the skin and pulmonary mucous

membrane. It is important to note that by whatever

channel matters may be introduced, their destination is the

blood. For the sake of clearness, we shall first describe the

physical and vital conditions of absorption in general, and

afterwards consider the function as performed by special

parts of the body.

1. General Conditions of Absorption.

These conditions depend on the nature of the absorbing

surface, on the substances to be absorbed, upon the state of

the blood, and upon the pressures to which both the

absorbable matter and the blood are subjected. Thus, a very

thin membi^ane, covered with squamous epithelium, as

found in the pulmonary air-cells, will absorb readily, whilst

with a thick layer of cells, such as exists in the epidermis

of the skin, absorption will be slow, or almost impossible.

Substances having a large endosmotic equivalent, as the

colloids, are absorbed with difficulty, except under certain

circumstances. For example, albumen passes through

membranes more readily when it is united with an alkali.
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Concentration of a solution also favours absorption. Absorp-

tion is also affected by tlie quantity and the quality of the

blood. The process goes on with rapidity when a large

quantity of blood passes along the absorbing surface in a

unit of time, as in mucous membranes richly supplied with

capillaries. Increase of blood pressure, on tlie other hand,

diminishes absorption, whilst increase of pressure on the

other side of the absorbent membrane will probably favour

it. Finally, it would appear that substances which already

exist in the blood in considerable quantity are difficult of

absorption, so that the quality of the blood also affects the

process. Absorption, no doubt, depends to a great extent

on osmosis, in various circumstances, and the practical diffi-

culty is to determine what the conditions in the living

body really are.

2. Intestinal Absorption.

Matters are taken up from the intestinal canal by capil-

laries, and by special vessels which belong to the lymphatic

system. It is difficult to deteraiine experimentally the

])art which the two orders of vessels fulfil in absorption, by

reason of their intimate anatomical connection. Attempts

have been made to ligature either the bloodvessels or the

lymphatics coming from a portion of the bowel, and to study

the results, but it is evident that difficulties arise, due to

anatomical arrangement, which are so great, and involve so

many sources of fallacy, as to make uncertain any conclusions

drawn from such experiments. The general results, how-

ever, may be briefly stated :

—

1. Ahsorption hy the Capillaries.—The mucous membrane
of the stomach and small intestine, in which organs absorp-

tion occurs, is richly supplied with capillary bloodvessels

placed immediately beneath the epithelial layer. In in-
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jected preparations, tlie capillary plexus is so distinctive in

character as to identify at once the mncons membrane to

which it belongs. Thus, in injections of the stomach, the

capillaries form a series of meshes of irregular shape ; in the

small intestine, the vessels exist as a net-work, from which

arise numerous loops, passing into the villi ; whilst, in the

great intestine, the mesh-work is so regular as to present the

general appearance of a honey-comb. All of these vessels

during life are filled with blood, moving onwards as a

current, of a certain specific gravity, and exerting a certain

amount of pressure on their inner surface. On the other

side, and separated by the walls of the vessels, by some con-

nective tissue, and by an epithelial layer, we find the chyme,

containing many crystalline and fluid substances. It is

evident that, under these circumstances, the conditions are

favourable for the passage of a certain amount of material

directly into the blood. It is to be noted, also, that from the

anatomical arrangements of the portal system, the whole of the

matters thus absorbed must pass to the liver. So far as can

be ascertained, the matters absorbed by the capillaries are

peptones, sugar, water, and salts. It is manifestly difficult

to determine what changes j^^piones may possibly undergo

during the process of absorption ; but it is evident that they

must undergo some change, as the quantity of bodies

analogous to peptones v,^hicli have been found in the blood

does not correspond to the amount of peptones absorbed from

the alimentary canal. Their endosmotic eqidvalent is very

small. The absorption of peptones occurs, in the first

instance, in the stomach, and is afterwards continued

throughout the whole length of the small intestine, and pro-

bably also in the csecal part of the great intestine.

There can be no doubt that sugar passes directly into the

capillaries, but it Las not yet been proved that it contributes

in any way to the formation of glycogen. Neutral yafe do
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not pass directly into the blood j but it is quite possible that

they may do so in the form of soaps. Whatever may be its

explanation, it is a fact that the capillaries and small blood-

vessels of the alimentary tract frequently contain fat. Water,

soluble salts, alcohol, &c., are absorbed directly by the

vessels.

2. Ahsor2Jtion hy the Villi.—The villi are small conical

appendages of the mucous membrane of the small intestine

Fig. 47.—Vertical and Longitudi-
nal Section of the small Intestine in
lower part of the Jejunum, shew-
ing the general arrangement of its
coats : a, villi ; h, intestinal tubes
or follicles of Lieberkuhn ; c, sub-
mucous areolar tissue ; d, circular
muscular fibres ; e, longitudinal
muscular fibres.

he d ch

Fig. 48.—Diagrammatic View
of the upper part of a Villus;
a a, columnar epithelium ; e,

gohlet cell; b b, artery and
vein ; c, nuclei of connective
tissue ; d, commencement of
lacteal.

which contain in their interior a delicate csecal tube, called

the commencement of a lacteal vessel. The general arrange-

ment of the villi, and a diagrammatic view of the structure

of a villus are seen in Figs. 47 and 48. The lacteals from
contiguous villi unite to form a plexus of vessels in the wall
of the bowel, which terminates in one or more lars^er vessels.
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The latter carry the fluid absorbed to glands in the mesentery,

and from thence it passes to still larger vessels, terminating in

the receptaculum chyli, which may be regarded as a general

reservoir for all parts of the intestinal absorbent surface.

The nutritive matter in this system of vessels now receives

the name of chyle, and the vessels themselves, from the milk-

like ap23earance of the fluid in them, are termed lacteals.

The outer surface of a villus is covered by columnar epi-

thelium, in the cells of which some observers have stated

that they have seen vertical striae, indicating, in their

opinion, delicate canals, along which nutritive matters might

pass to the lacteal. (A description of the structure of the

villi will be found in Quain's Anatomy, vol. ii., p. 360). In

addition to the lacteal, it must be remembered that each

villus contains a plexus of capillaries, which may absorb

water and soluble matters in the same manner as the capil-

laries of other parts of the alimentary tract, and that each

also contains one or more involuntary contractile fibre cells.

It is generally believed that the special function of the

lacteals is the absorption of fat. After the digestion of a

meal containing fatty matter, the epithelial cells covering the

villi contain highly refractive particles of fat, and these are

also found between the epithelial basement membrane and

the commencement of the lacteal. The exact arrangements

by which this is efiected are still unknown. Along with

fat, water and various salts are also absorbed. In treating

of the circulation of lymph, a fluid which presents certain

analogies to the fluid found in the lacteals called chyle, a

description of the mechanism by which the chyle is propelled

onwards will be given.

3. Chyle.—During digestion, more especially if the food

contain a considerable quantity of fatty matter, the lym-

phatic vessels of the mesentery, commonly called lacteals,

are filled with a milky fluid, the chyle. It is a feebly

%
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alkaline, milky or opalescent liquid, having a specific gravity

of 1020. When examined under the microscope, it is found

to consist of a fluid, in which are three histological elements,

namely, numerous molecules, constituting what has been

called the molecular basis of the chyle
j (2) highly refractive

particles of fat or oil ; and (3) certain cells, of irregularly

globular form containing numerous minute

granules, and similar in all respects to

those known as the colourless corpuscles of

the blood. Prior to the passage of the

chyle through the mesenteric glands, it

abounds chiefly in molecules and fatty par-

ticles, but afterwards these are less nume-

rous, and the cells above described make

their appearance.

When chyle is removed in quantity from

the receptaculum chyli, or from the thoracic duct, it forms

a coagulum of feeble consistence, but it would appear that

this property does not exist in the chyle before it passes

through the mesenteric glands.

The following is an analysis showing the percentage com-

position of chyle taken from the thoracic duct of a decapitated

criminal :

—

Fig. 49.—Drop
of Chyle. On the
left, corpuscles ly-

ing amongst mol-
ecular matter ; on
the right, corpus-
cles altered by the
addition of acetic
acid.

Water, . 90-48

Albumen and fibrine, 7-08

Watery extracts, 0-56

Alcoholic extracts, . 0-52

Pats,i 0-92

Salts, • 0-44

The quantity of chyle formed per day cannot be estimated

with accuracy. On the supposition that the whole of the

fat introduced into the food is taken up into the chyle, it

1 Analysis of the chyle of the ox has shown usually nearly 3

per cent, of fats.
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has been estimated that 3 kilogrammes are formed per day.

(Vierordt).

3. Cutaneous Absorption.

The skin may absorb in certain conditions matter either

in the form of a gas, a liquid, or a semi-solid substance.

The absorption of gases and of volatile matters by the skin

has been long known. Thus, an animal may be poisoned by

plunging its body in an atmosphere of sulphuretted hydro-

gen, after every precaution has been taken to prevent the

entrance of the gas into the respiratory passages. Much
controversy has taken place as to the possibility of absorp-

tion of liquids by the skin. The layer of sebaceous or oily

matter which covers its surface, and the thick stratum of

more or less modified epithelial cells forming the epidermis

would appear almost to render absorption impossible. On
the other hand, experiment has shown that a small quantity

of water and soluble substances may pass into the blood

through the skin during immersion in baths, and that even

oily matters may be absorbed with the aid of friction.

It is well known, also, that the repeated external application

of mercurial ointment to the skin may be followed by

the physiological effects of that substance. In these

cases, absorption probably occurs by the matters pene-

trating the ducts of the sebaceous and sudoriparous glands.

4. Pulmonary Absorption.

Gases and volatile substances are absorbed with gi^eat

rapidity through the lining membrane of the pulmonary

passages. Although fluids and soluble substances are ab-

sorbed more slowly, it is remarkable that a large portion

may quickly be taken up. Thus, the entrance of water into

the air-passages of an animal, up to a certain limit, is not
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followed by asphyxia. It is very difficult to account for tlie

presence of particles of carbon or of silica in the bronchial

glands, and tissues of the lungs, of persons employed in

certain occupations.

5. Absorption by Serous Membranes.

In the course of inflammatory affections, serous fluids

frequently accumulate in the shut sacs of the body, such as

the pleura or the peritoneum, and these fluids may, after a

time, become absorbed. Histological research carried on by

numerous observers, and in particular by Kecklinghausen

and Klein, has shown that in serous membranes, lined by a

single layer of endothelial cells, numerous openings, termed

stomata, occur, which communicate with the lymphatic

system. In all probability, absorption may take place both

by these channels and by the bloodvessels.

6. Absorption in Connective Tissue.

"When a soluble substance is introduced into the cellular

tissue underneath the skin, it is absorbed with great rapidity,

a fact which has been taken advantage of in the method of

the subcutaneous injection of remedies, first practised by

Alexander Wood of Edinburgh.

7. Absorption in Tissues and the Formation of Lymph.

As has been already pointed out, the tissues are nourished

by fluid matter which exudes through the walls of the

capillaries. A portion of this fluid matter is probably at

once taken up by, and incorporated with, the living proto-

plasm of the tissues; and the remainder, which may be

regarded as being in excess, must be removed, because pro-

bably chemical changes occurring in it would produce sub-
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stances injurious to the tissues. It is also to be remembered

that one of the conditions of the activity of living tissue is

chemical decomposition of some of the materials of the

tissue j the living matter dies, undergoes molecular changes,

and now, regarded as a waste product, finally passes again into

the fluid state, so that it may be readily removed. The

exact mechanism by which the excess of nutritious matter

and the waste products are removed is still obscure, and it

is difficult to say to what extent reabsorption into the blood

may occur, or whether such matters must be carried away

by a special set of vessels—the lymphatics.

In recent times, the researches of histologists have thrown

a flood of light on the relation that exists between the origin

of the lymphatics and the elementary tissues. It has been

shown that lymphatics abound in nearly all the textures and

organs which receive blood, and in many cases a lymphatic

vessel may completely or partially surround an artery or a

vein. Lymphatics either originate in a plexus, from which

a larger vessel carries the lymph towards the lymphatic duct,

or in lacunce, or sjoaces lined by flattened epithelium cells,

which exist in many organs, more espe-

cially in glands. These " interstitial recep-

tacles," connected by lymphatic vessels,

present a remarkable analogy to the vas-

cular system of insects and Crustacea, and

it is not improbable that it is homologous

with it. It is also physiologically impor-

tant to note that the masses of protoplasm ^

called connective tissue corpuscles, which

^ ^^ 7 ^ abound in manv tissues, lie in spaces which
Fig. 50.—a, h, c, d, "

.

Various forms of con- communicate freely with each other, the
nective tissue corpus- ''

cies. passages joining them being frequently

tubular in form, so as to constitute a series of small pores

or canals. Thus there appears to be, more or less, through-



LYMPHATIC GLAND. 281

out every tissue, what may be termed a drainage system

for the purpose of carrying off waste products and excess

of j)abulum, as the lymjjJi. But the lymph—and the same

is true of the chyle—so far as we know at present, does not

pass directly into the blood. It is conveyed in the first

instance to lymphatic glands, small solid bodies placed in

the course of the lymphatics and lacteals, the structure of

which is very remarkable.

A lymphatic gland is covered externally by a sheath of

connective tissue, from which partitions pass inwards, so as to

Fig. 51.—Section of a Lj^mphatic Gland; a, a, strong' fibrous capsule
sending partitions into the gland ; b, partitions between the follicles or
pouches of the cortical or outer portion ; c, partitions of the medullary
or central portion ; d, e, masses of protoplasmic matter in the pouches
of the gland ; /, /, lymphvessels which bring lymph to the gland ; g,
confluence of those leading to the efferent vessel, h, which carries the
lymph awa,yfrom the gland.

divide the cortical part of the gland into a series of compart-

ments. Both the sheath and the partitions frequently

contain involuntary muscular fibre. In the compartments,

called alveoli, thus formed, we find a pul]:) made up of densely

crowded lymph corpuscles lying in a fine meshwork of

retiform tissue. The medullary, or central part of the gland

consists of rounded cords forming a network, in the spaces-

of which the same kind of pulp is found. Both in the

cortical and in the medullary part, spaces exist around



282 SPECIAL PHVSIOLOGY.

the pulp, which have been termed the lymph channels.

A. lymph channel, however, is not a free space, as it is

also occupied here and there by very delicate retiform

tissue; and, during life, it is filled with lymph containing

numerous cells. It has also been ascertained that the vessels

carrying the lymph to the gland, afferent vessels, end in

minute branches opening into the alveoli of the cortical

portion, whilst those which carry lymph from the gland,

efferent vessels, originate in a plexus in the medullary por-

tion It is important to notice this anatomical distribution.

Lymphatic glands are also richly supplied v/ith bloodvessels

which form a capillary netw^ork, so that the blood must

be brought into close relation with the elements of the

lymph.

We have at present no accurate knowledge of the changes

which occur in a lymphatic gland, but in all probability they

are of the follow^ing nature : (1) Exchanges as regards fluids,

gases, and soluble substances between the blood and the

lym23h, which will be favoured by the comparatively slow

movement of the latter fluid -, and (2) The continual produc-

tion of new protoplasmic elements, in the form of lymph

corpuscles, probably by fissiparous division. That the latter

phenomenon occurs is supported by the fact of these cor-

puscles existing in greater quantity in lymph after it has

passed through a gland. It is difficult to say whether the

pabulum which enables the protoplasm to multiply in this

manner is obtained from the blood or from the lymph.

After passing through lymphatic glands, the lymj)h reaches

the venous system by the thoracic duct and by the right

lymphatic duct, both of which open into great veins at the

root of the neck.

Consult regarding the structure of the lymphatic system

—

Quain,

Vol. II., pp. 183-200 ; also Klein on the Anatomy of the Lymphatic

.System, the Lung, and the Serous Membranes.
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1. Physical and Chemical Characters of Lymph.—^When

obtained tolerably pure from the thoracic duct, it is a colour-

less, or slightly opalescent fluid, feebly alkaline, and having

a specific gravity of 1045. It contains numerous corpuscles

precisely similar to the colourless corpuscles of the blood,

and sometimes a few coloured corpuscles. Unlike the chyle,

only a very small quantity of molecular matter is found in

it. It forms a soft coagulum, thus separating into a clot and

a fluid. The fluid, or serum, contains 3 per cent, of albu-

minous matters, a small quantity of leucine, urea, &c., fats,

fatty acids, volatile fatty acids, especially butyric acid, chol-

estrine, and various salts, such as the phosphates of potash

and soda, chloride of sodium, sulphates, and traces of iron.

In chemical composition, it shows a close approximation to

chyle, except that in the latter albumen and fats are in

greater quantity, as may be seen by the following table

showing the analysis of the lymph and chyle of an ox, made

by Wurtz :

Lj'mph. Chyle.

Water, 938 97 92971

Fibrine, 2-05 1'96

Albumen, . 50-90 59-64

Fats, ........ 0-42 2-55

Salts, 7-63 6-12

2. Quantity of Lymph.—It has been estimated that an

amount of lymph is formed in 24 hours equal to about i^'ath

of the weight of the body. Colin, a distinguished compara-

tive physiologist, obtained from a horse 42 kilogrammes in

24 hours, or 105 grammes for each kilogramme of the

animal's weight.

3. Movemsnts of the Chyle and Lymph.—Both the chyle

and lymph move from the radicles of the vessels towards

their trunks. The movement is slow, as compared with that

of the blood. Numerous researches indicate that the efficient
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cause of this movement in the higher animals is the pressure

of the blood in the arteries. Thus, increase of pressure is

followed by an increased discharge from severed lymphatics,

and, no doubt, this pressure operates, to a certain extent, at

the radicles of the vessels. But there are other accessory

agents, such as the presence of valves so arranged that com-

pression, by muscular action, must force the lymph and chyle

onwards, and also the movements of respiration,—inspiration

accelerating the movements in the lymphatic duct, whilst

expiration diminishes it. In addition, the contractions of

the involuntary muscular fibres found in the lymphatic

glands and lymphatic vessels must assist in propelling the

fluid. Rythmical contractions of the lymphatics of the

mesentery have been actually observed, and it is well known

that special contractile sacs, sometimes called lymj^h-hearts,

are met with in many animals, such as the frog. The

pressure of the lymph in the vessels has been ascertained by

Weiss to be about 11 millimetres of mercury, and the same

observer noted that it travelled at the rate of 4 millimetres

per second. The movements of the chyle may depend

partly on the pressure to which the fluid in the intestine

is subjected, and partly to the action of the muscular

fibres in the villi.

III.—THE BLOOD.

This fluid contains all the elements necessary for the

nutrition of every part of the body, and it is essential to

study its history with the greatest care. We shall therefore

consider: (1) the mode of its formation; (2) its physical,

morphological, and chemical characters; (3) the changes

which it undergoes when removed from the body; and (4)

the mechanism by which it is circulated.
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A.—FORMATION OF BLOOD.

As has been already explained, the blood is frequently

receiving new materials from the alimentary canal and from

the lymphatic system. From the first, it receives matters

either directly by the bloodvessels or indirectly by the chyle

;

and from the second it receives lymph. In addition, a small

quantity of matter may be absorbed by the skin, or by serous

membranes. Oxygen, and possibly a small quantity of vola-

tile matters, aie also introduced by the respiratory tract.

Finally, the blood receives protoplasmic elements from, and

probably its fluid parts are elaborated by, certain glands

throughout the body, frequently called blood-glands.

The Blood-glands.

These consist of the lymphatic glands generally, of the

glands of Peyer, of the spleen, supra-renal capsules, thyroid

and thymus glands, and of the pituitary and pineal glands.

The structure of these bodies is described in anatomical and

histological works, and all that will be attempted kere is to

indicate certain general features whick are of physiological

importance.

1. The Glands of Peyer.—These may be considered as the

first series of lymphatic glands. They are scattered over

the intestinal mucous membrane from the stomach {Allen

Thomson) to the rectum, and may be solitary or aggregated

together in patches ; the latter become larger as tkey descend

the small intestine. Tkey consist of a skut sac composed of

fibrous tissue, lined by a layer of epitkelium, and tkey con-

tain protoplasmic matter, wkick appears in preparations as

molecules and nuclei, and tkey also contain a few cells,

similar to tke colourless corpuscles of tke blood, wkick may
be called lymphatic elements.
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2. The Spleen.—This organ is composed of a fibrous

envelope which sends in bands or trabeculse uniting with

one another, so as to divide its substance into irregularly-

sized spaces filled with a reddish pulp. The pulp consists of

protoplasmic matter, and cells, mingled with blood corpuscles

isolated or grouped together—often surrounded by an albu-

minous envelope—in all stages of disintegration. Tlie tra-

beculse contain numerous nucleated fusiform cells. It is

richly supplied with lymphatics and bloodvessels. Connected

Fig. 52. -Portion of Splenic
Artery, a, i, b, having Mal-
pighian bodies attached, c, c, c.

Fig. 53.—Cells from the
Spleen Pulp: a, similar to
a colourless corp iiscle of

blood ; b, nucleated cell ; c,

bi-nucieated cell; d, cell

containing three cells in in-

terior.

to the coats of the smaller arteries are shut sacs, from the

3^0 til to the 6^0 "^^ ^f ^1^ ii^<2^ ^^ diameter, resembling, in

general structure, the glands of Peyer, called the Malpighian

bodies of the spleen, containing lymphatic elements.^

3. The Supra-renal Capsules consist of a cortical and me-

dullary portion : the former is composed of elongated shut

sacs varying in size, lying side by side, which contain the

same lymphatic elements as the glands of Peyer and the Mal-

pighian bodies of the spleen. The medullary portion is essen-

tially fibrous, with granular cells embedded in its substance.

1 These mnst be carefully distinguished from the bodies in the

kidney, also associated with the name of Malpighi, which have an

entirely different structure.
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Addison considered that disease of these organs produced a

dark brown or sallow tint in the skin, and there can be no

doubt that the two often coincide, and constitute what is

known as Addison s disease. But the exceptions are so

numerous as to prevent our belief in a necessary connection

between one and the other.

4. The Thymus Gland consists of hollow lobules or pouches

united together by fibrous tissue, and filled with the same

lymphatic tissue as exists in the other blood-glands. The

pouches communicate with a central reservoir from which

there is no outlet. The gland is large in the human infant

shortly after birth, but in a few years it commences to

diminish in size, and after puberty its place is occupied

chiefly by a mass of fat. Hence it is only active as a blood-

gland during early childhood, and loses its glandular charac-

ter as age advances.

5. The Thyroid Gland consists of a dense fibrous stroma,

embedded in which are numerous shut sacs, filled with the

same lymphatic elements that have been referred to, and

lined by an epithelial membrane. It also, like the thymus,

is comparatively larger in infancy, but in adult age it does

not degenerate so much as the thymus by fatty changes,

as by the deposition into the shut sacs of colloid or

glue-like matter. A permanent enlargement of this gland

is termed goitre, an affection not unfrequently associated

with a peculiar kind of mental imbecility, called cretin-

ism.

6. The Pituitary and Pineal Glands, in their general

structure, resemble the glands just noticed, being composed

of fibrous tissue enclosing shut sacs, the latter containing

calcareous deposits. This renders it probable that at an

early period of life they performed similar functions to the

blood-glands.

All these organs resemble one another in structure, con-
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sisting of j)ouches or shut sacs, ricli in protoplasm, and con-

taining many nuclei. They have no ducts, are very vascu-

lar, and the lymphatics passing from them terminate in the

thoracic duct. No difference whatever can be distinguished

between the contents of these organs and those of the lym-

phatic glands; and other facts connected with their morbid

states—more especially the production of leucocytlicBmia ^—
serve to convince us that, like them, they are connected

with sanguification, hence their modern name of blood-glands.

The whole system of lymphatic glands may be said to secrete

or form certain elements of the blood. Hewson was the first

to suppose that they formed the blood corpuscles. Like

ordinary lymphatic glands, they certainly produce numerous

masses of protoplasm in the form of colourless blood cor-

puscles, but their share, if they have any, in the formation

of the coloured corpuscle is still unknown. In addition to

these glands, the marrow of bones appears to have some rela-

tion to the formation of blood, as it contains numerous cells

exactly similar to the colourless corpuscles. As to the origin

and end of the coloured corpuscles, we are still in ignorance,

nor can we trace precisely their relation to the colourless

cells. Attempts have been made to show that they are pro-

bably the free nuclei of colourless cells, a supposition which

has a few dubious facts to rest on, and which is not very

1 A remarkable disease, characterized by anaemia, debility, and

the existence of an excessive amount of colourless corpuscles of the

blood. There can be no doubt that the opinions of Hewson, apphed by

Virchow to the explanation of this disease, namely, that these glands

have to do with the formation of blood, exercised a most important

influence on our present theories as to the formation of blood. The

whole subject, however, is still in obscurity. It is to be noted that

the disease was identified and described almost simultaneously by
Hughes Bennett and Virchow, and that the latter was the first to

state its true pathology.
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probable. In these glands, also, exchanges no doubt take

place between the blood and the lymph.

Consult, as to the functions of the blood-glands, the works of

Hewson, published by the Sydenham Society ; Virchow's Cellular

Pathology, translated by Chance; and Bennett's work,—Leucocy-

thsemia, or white-cell blood, in relation to the physiology and patho-

logy of the lymphatic glandular system.

Thus, to recapitulate, it appears that the blood is fre-

quently receiving new supplies of material from the follow-

ing sources :

—

1. Water, salts, sugar, peptones, &c., by vascular absorp-

tion from the alimentary canal.

2. Water, salts, peptones, fats, either free or as soaps, &C.,.

by lacteal absorption from the alimentary canal.

3. Water, and possibly some volatile or soluble matters

by the skin.

4. Oxygen, and possibly some aqueous vapour and vola-

tile matters by the mucous membrane of the lungs.

5. Water, salts, nitrogenous matters, &c., from the lympl

or from shut sacs into which fluids had been pre-

viously efiused.

6. Protoplasmic elements from the lymphatic glands, mes-

enteric glands, and other blood-glands, in which also

no doubt exchanges occur between the chyle or lymph

and the blood. From these protoplasmic elements,

the coloured corpuscles may possibly be formed.

B.-PRYSICAL, MORPHOLOGICAL, AND CHEMICAL CHARACTERS
OF BLOOD.

1. Physical Characters of Blood.

The blood, whilst in the vessels, is a fluid of a red colour,

which may vary from a crimson, as seen in arteries, to a

reddish purple, as in veins. A thin stratum spread on the

T



290 SPECIAL PHYSIOLOGY.

surface of a sheet of glass is opaque, but tlie addition of

water or diloroforni, or the application of extreme cold,

or of a temperature above 60° C, or the continuous action of

electricity, causes such a layer to become translucent. When
a drop is examined by transmitted light on the stage of the

microscope, it is found to consist of an almost colourless

fluid in which there are numerous corpuscles of a straw-yel-

low colour, and a few corpuscles of a larger size, which pre-

sent no colour. Blood has usually an odour peculiar to each

species of animal {halitus sanguinis). Soon after blood has

been removed from the body, it separates into two parts, a

€lot and a fluid, a process which is known as the coagulation

of the bloody and which will be afterwards described.

2. MOEPHOLOGICAL CHARACTERS OF BlOOD.

If we examine a drop of human blood with a magnifying

power of 300 diameters, two kinds of corpuscles may be

observed:—(1) The red^ or coloured; and (2) the white, or

colourless. The coloured, which are readily distinguished by

their yellow colour, sharp, well-deflned outline, and the

shaded appearance in the centre—indicating that they are

bi-concave discs—usually adhere together by their flat sur-

faces, thus forming rouleaux, like piles of coins. These

rouleaux cross each other so as to make a mesh-work, in the

spaces of which, here and there, a colourless corpuscle may
be readily identified by its want of colour, larger size, some-

what irregular form, and granular asj^ect.

1. The Coloured or Red Corpuscles.—In man, and in all

mammals with the exception of the Camelidm, the form of

the coloured blood corpuscles is that of a bi-concave, non-

nucleated, circular disc. In the camelidse, they are oval and

biconvex. In birds, reptiles, and fishes, the corpuscles are

oval, biconvex, and nucleated. Study Figs. 54 and 55. No
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corpuscles similar to the coloured corpuscle is found in tlie

blood of invertebrates, where, however, bodies not unlike

the colourless corpuscles are met with.

The size of these corpuscles varies greatly in different

animals. The most careful and elaborate researches on this

Fig. 54.—Blood-corpuscles

;

a, two coloured corpuscles
shewing shadowed appearance
in the centre, indicatmg' bi-

concave form ; h, corpuscle
seen edgeways ; c, slightly
oval corpuscle ; d, colourless
corpuscle; e, coloured cor-
puscles in rouleaux.

'd-

Fig. .55.—Blood-corpuscles of vari-

ous animals magnified in the same
scale : a, from proteus ; b, sala-

mander ; c, frog ; d, after addition

of acetic acid, showing nucleus;
e, bird ; /, camel ; g, fish ; h, crab
or other invertebrate animal.

subject have been made by Gulliver, who has given th(

foUowinsr measurements in fractions of an inch :

—

Man, . . . . . b'2'irU'

Elephant, ^Yf^
Musk Deer, . . . . . ¥3'iro'

Long Short
Diameter. Diameter.

Camel, -^^-^ ^^T
Ostrich, . T'h^ "ToTS"

Pigeon, . ^ S42d

Humming Bird, ^sVs" 4000

Frog, ttVs" T^^2T

Crocodile, tAt 2 2 86

Proteus, ^^ Thr
Pike, . 2 00 3 5 55

Shark, . TT43 TsV*
Earth-worm, . rlir 1200

Leech (after additio a of \rater;
> BUO-ff IWff
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The size of the coloured corpuscles bears a relation to the

calibre of the ultimate capillary vessels, which are just large

enough to admit of their passage in single file. Injections^

therefore, of the bloodvessels are more easily made in

reptiles than in any other animals.

The addition of water causes the coloured corpuscles to

lose their colour, to swell out, and become globular. Syrup,

gum, albumin, and dense saline solutions, render them

flaccid, mis-shapen, irregular in outline, contracted, puck-

ered, &c. Acetic acid appears at first wholly to dissolve

mammalian corpuscles, but their form may be faintly

recognised on adding to them tincture of iodine. But

on the oval corpuscles of birds, reptiles, and fishes, the

efiect is simply to dissolve, or render very transparent

the cell wall, whilst the nucleus is unafiected, and ren-

dered more clearly visible in the field of the microscope.

Astringent solutions, and especially a solution of nitrate of

silver, cause puckerings and folds to appear in the cell wall.

This is well seen in the corpuscles of the newt, where also a

solution of boracic acid develops the nucleus in the form

of an oval body, from which processes radiate outwards.

A solution of magenta causes a minute molecuie to appear

on the external margin, as pointed out by Dr. Boberts

of Manchester. The same observer, also, was the first to

describe the effect of a dilute solution of tannic acid, which

causes one, and sometimes two, protrusions to take place from

the corpuscle. A stream of carbonic acid passed into frog's

blood, is quickly followed by the appearance of the oval

nucleus, which may again disappear under the action of air^

or of oxygen.

Yarious estimates have been made of the number of red

corpuscles, the mean of which is that five millions are con-

tained in the space of a cubic millimetre, that is, in the space

occupied by a very small drop ; and Welcker has calculated
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that if the coloured corpuscles of the adult human being

were placed side by side on a flat surface, they would cover an

area of 2816 square metres, or about 3000 square yards.

They thus present a widely extended surface for the oxida-

tion processes in which they are engaged. It has also been

ascertained that in healthy blood there are from 400 to 500

coloured to each colourless corpuscule.^

2. The Colourless or White Corpuscles.—These bodies,

sometimes called leucocytes, are colourless, irregularly

spherical, and larger than the coloured corpuscle, being about

the 2-no"o to ^sVo of ^^ ^^^^ diameter. When examined

with high powers, say 800 diameters, they are seen to be

masses of 2:>rotoplasm containing a few granules.

#c

Fig. 56

—

a, mass of nucleated
protoplasm from marrow of bone ;

h, lymph-cells, from inflamed
eye, showing amasboid pro-
cesses ; c, various forms of

colourless cells of the blood.

Fig. 57—Bloodvessel in mesen-
tery of frog during inflammation,

showing migration of colourless

cells of the blood : a, cells pass-

ing through membranous wall of

vessel ; h, cells which have
passed through ; c, coloured cells

in stream of blood.

The most remarkable characteristic of these corpuscles

is their power of performing amseboid movements. When
watched attentively they may be observed assuming slowly

various forms, such as are represented in Pig. 56. These

1 An estimate may now be made with tolerable ease by the

ingenious method of Malassez, which will be described in the

Lessons on Practical Physiology.
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movements occur more readily with, a temperature the same

as that of the body. By such changes of form, also, they

may wander from place to place, and even pass through the

walls of bloodvessels, as depicted in Fig. 57, a phenomenon

which is now regarded as one of the most important in the

inflammatory process.

3. The Structure of Blood-clot.—When a recent blood-clot

is examined microscopically, it is found to consist of a net-

work of extremely delicate fibres of fibrin, enclosing blood

corpuscles in the meshes j and if the upper part of the clot

be the part inspected, the colourless corpuscles are numerous,,

whereas in other parts they occur, relatively to the white,

in about the same proportions as in blood. There can be no

doubt that, by the development of vessels from the sides of

the cavity in which it is placed, and possibly from changes

in the colourless corpuscles, the clot may become firm and

organized into a kind of tissue, a process to which special

attention, in its practical aspects, has recently been directed

by Joseph Lister.

Consult, as to structure of blood corpuscles, Rollet's Article in

Stricker's Handbook ; Klein, in Handbook for Physiological La-

boratory ; and Frey's Histology.

3. Chemical Chakactees of Blood.

We shall consider (1) the chemical composition of the-

corpuscles
; (2) the composition of the plasma, or fluid ; and

(3) the gases of the blood.

a. Chemical Composition of the Cor2ntscles.

The colourless corpuscles consist of protoplasm, the com-

position of which is unknown. The coloured corpuscles may

be divided by chemical agents into a colourless, insoluble

mass, called the stroma, and into a reddish fluid which con-
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tains the colouring matter of the blood, known as hcemaglo-

hine. When nuclei exist in the corpuscles, they are found

in the stroma ; mineral matters exist both in the stroma and

along with the haemaglobine ; and a certain amount of gas

is in union with the latter substance. (1) The stroma, at

ordinary temperatures, is insoluble in weak saline solutions.

At 60° C. it dissolves. Two substances may be separated

from it, namely, fibrinoplastine, which will be afterwards

described, and protagon. The first may be obtained by

treating the corpuscles (deprived of serum as much as

possible, and also freed from hsemaglobine by the action of

water), first with oxygenated water, and afterwards with

carbonic acid. By the action of ether, protagon and chole-

strine may also be obtained. The nuclei found in some

corpuscles consist of an albuminoid matter which presents

a few of the characters of fibrin.

(2) Hcemaglohine, sometimes called hoimatoglohuline, or

Hcematocristalline, may be obtained from the blood of certain

animals simply by a process of freezing. For the sake of

brevity, it may be represented by the following symbol :

—

Hsemoglobine = H. As obtained from human blood, it

appears as red lozenge-shaped and four-sided prismatic

crystals. It does not crystallize with the same readiness in

different species of animals. Thus crystallization is very

difficult with the blood of the calf, pig, pigeon, and frog

;

difficult with that of man, ape, rabbit and sheep; easy

with that of the cat, dog, mouse, and horse ; and very easy

with that of the rat and guinea-pig. H is decomposed by

all agents which modify albuminous matters, and the pro-

ducts of decomposition are hsematine, a coagulable albu-

minoid matter called globuline, and various fatty acids, such

as formic, butyric, &c. Preyer has given the following for-

mula for H :—CgooHggoN^g^FeS^O;^^^. It is important to note

that it contains 42 per cent, of iron. H forms with oxygen
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a compound called oxylisemaglobine = HO; one gramme
of dry y absorbing about one cubic centimetre of oxygen.

This oxygen may be expelled by beat, and various reducing

agents. HO is more readily crystallizable tban H. Carbonic

oxide also forms a combination with H, called carbonic-oxide

hsemoglobine = H CO, which prevents H from uniting with

oxygen.

Some of the conditions of H may be readily recognized by
means of its spectrum, for which we are principally indebted

to Stokes and Hoppe-Seyler. Thus HO gives two absorption

bands between D and E.

Fig. 58.—Spectra of H and HO. The upper is Hj the lower, HO.

That nearest to D is narrower than that near E. Under

the influence of reducing agents, such as sulphide of

ammonium, these two bands disappear, and are replaced by

a single band, large, not so well defined, and which occupies

the space between the two preceding. HCO also has two

absorption bands similar to those of HO, but these do not

disappear under reducing agents.

(3) Hcematine, having the formula Cg^Hg^N^FeOg, is one

of the derivatives of H. It is a reddish-brown amor-

phous powder, insoluble in water, alcohol, and chloroform,

but soluble in acidulated alcohol and the alkalies. It forms

with hydrochloric acid a compound called the hsemine of

Teichmann, which has been employed as a test for blood

stains. In a weak alkaline solution, hsematine has a large

absorption band between C and E; treated by reducing
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agents, such as sulphide of ammonium, it gives a band

between D and E, and a paler one between E and h.

(4) Mineral Matters. These are the same as have been

found in the plasma of blood. The corpuscles contain a

considerable quantity of phosphates and of potassium salts.

b. Chemical CO7n2oosition of the Plasma.

The plasma may be obtained in a tolerably pure state

from the blood of the horse by collecting it in a vessel

surrounded by a thick layer of ice. The cold prevents

coagulation, or the formation of fibrin, and the corpuscles

sink to the bottom of the vessel, leaving an amber-coloured

fluid above, the specific gravity of which is 1027. If some

of this fluid be now removed by a pipette, it coagulates into

a transparent jelly The coagulum contracts so as to be

surrounded by a transparent fluid, called the serum, whilst

the coagulum is known as fibrin. The nature of fibrin

will be described in connection with the coagulation of the

blood. The serum is a transparent, alkaline fluid having

a specific gravity of 1026 to 1029. It contains 90 per cent,

of water, 8 per cent, of albuminoids, and 1 per cent, of salts.

The albuminous matter consists chiefly of serum-albumen, a

small quantity of albuminate of soda, and a trace of a sub-

stance called para-globuline. Fats exist in small amount,

and consist of stearine, palmatine, and oleine.. The nitro-

genous substances include creatine, creatinine, urea, uric

acid, and traces of xanthine, lecithine, &c. Sugar, as

glucose, has been found in small amount. Various fatty

acids have also been isolated. The salts consist of soda,

potash, lime, and magnesia, as bases, combined with acids

to form chlorides, sulphates, phosphates, and carbonates.

The alkaline reaction of blood is due to the presence of bi-

carbonate of soda and the tribasic phosphyte of soda. It

is important to observe that salts of soda exist in excess in

Gi
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the plasma, wHlst salts of potasL. chiefly abound in the

corpuscles. n lii

Fig. 59.—Pflllger's modification of Alvergniat's Pump for extracting
the gases of the blood. This figure is copied from Gscheidlen's
Physiologischen Methodik. The apparatus used in the Physiological
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c. The Gases of the Blood.

These are removed from the blood, with the aid of heat^

by means of a peculiar form of air-pump which quickly

exhausts a receiver so as to allow the gases to escape in-

vacuo. The best form of such an apparatus is that shown

in Fig. 59. It consists of a long barometrical tube, e, the

height of which is greater than that of the ordinary baro-

metrical column of mercury. The upper part of the tube

opens into a large globe, c, with which two tubes, g and

h, are connected; one vertical, A, communicating with the

externa] air, and the other horizontal, g, opening into

a glass vessel or receiver, a, into which the blood is intro-

duced. Stopcocks are placed at the openings into the

globe of these two tubes. From the lower extremity of the

barometric tube, e, a strong india-rubber tube, f, passes

to another globe, d, which may be regarded as a reservoir

of mercury of greater capacity than the first globe, c.

This reservoir may be elevated or lowered by turning a.

strong band, passing over a pulley, round an axle, I.

The object of this arrangement is to extract the air from the

receiver, a, with great rapidity. This is accomplished as

follows :—Open the stopcock g, and shut the stopcock

communicating with the receiver a; elevate the reservoir

of mercury, d, above the level of the globe c; the air in

the globe is expelled through the vertical tube g h; turn

the stopcock of this tube at g, then lower the reservoir-

Laboratory of the University of Glasgow, made by Geissler of Bonn, is

slightly different, especially as regards the form of the receiver a.

a, receiver for blood; b, (J -tubes, containing asbestos and Ha SO 4 for

absoi-ption of aqueous vapour; c, glass globe, containing mercury,
communicating with cl, a similar globe, by glass tube e and india-

rubber tube// /i i, mercury trough for collecting the gases in the tube
Ic; I, handle of crank for elevating globe d; m n, stopcocks for regulat-
ing entrance into blood-receiver, a; 0, pressure gauge of mercury, for

ascertaining diminution of pressure in a and h; p, stopcock com-
manding the communication between blood-receiver a and gas-drying
apparatus h.
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as far as it will go ; the mercury falls as it would do in a

long barometrical tube so as to leave the globe c a vacuum,

with the exception of some vapour of mercury ; the stopcock

commanding the horizontal tube of the receiver a is then

opened and immediately the air passes from thence into the

globe c; the stopcock at the opening of the horizontal tube

is shut and that of the vertical tube opened, and, finally,

by again elevating the reservoir, the gas obtained by the

preceding experiment is expelled. The operation above de-

scribed is repeated several times until the air in the receiver

has been removed as far as possible. The next step is to

introduce the blood into the receiver without allowing either

to be influenced by the air, which is most readily accom-

plished by having an air-tight tube, communicating between

the vessel of the animal and the receiver, carefully adjusted

previous to the operation of exhausting the latter. When
the latter has been exhausted as far as possible, a stopcock

commanding this tube is turned so as to allow a fixed

quantity of the blood to flow into the receiver. This having

been done, communication between the vessels of the animal

and the receiver is shut ofi", and that of the receiver with the

glass globe opened, so as to allow the gases of the blood, now

under a minimum of pressure, to escape. The gases pass into

the globe, from which they may be expelled through the

vertical tube by elevating the cistern d, in the manner before

indicated, and they are collected in graduated tubes over

mercury. By graduation, the amount of gas per volume of

blood is readily ascertained. To assist in the liberation and

escape of gas from the blood, the receiver is usually immersed

in a water bath of about 40° C, and the liberation of carbonic

acid may be further accelerated by the addition of a small

amount of a hot solution of tartaric acid. The total amount

of gas having been ascertained, the percentage amount of

•each gas in the mixture is estimated by the ordinary
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metliocls of the volumetric analysis of gases—the oxygen

being absorbed by pyrogallic acid, the carbonic acid by

potash, whilst the amount of nitrogen is represented by what

remains.

By this method, it has been ascertained that the blood

contains (at 0° C. and 1000 millimetres pressure) about 45

volumes of gas in 100 volumes; of which, in arterial blood,

14 volumes consist of oxygen, 30 of carbonic acid, and 1 of

nitrogen. The nitrogen is simply dissolved in the blood, but

the other two gases are partly dissolved and partly in a state

of loose chemical combination with certain of the constituents

of the blood. Thus, the greater part of the carbonic acid

present is united with the phosphate of soda, and possibly

also with the carbonate of soda, of the blood. It would also

appear, as an inference from experimental data, that a small

portion of the CO2, thus in a state of combination, may be

united with the coloured corpuscles, whilst the remainder

exists along with salts in the serum. In like manner, part of

the oxygen is simply dissolved, and the other part is in com-

bination with the H of the coloured blood corpuscles. As
already stated, H has a strong affinity for O, becoming

oxyhgemaglobin, and this may be set free by various

reducing agents. It has been supposed that reducing agents

may exist in the blood, in certain conditions, which, by their

action, will convert it into venous blood. It is more pro-

bable that all active tissues act as reducing agents, so that

arterial blood passing through them gives up its oxygen, and

becomes venous.

When blood is exposed to carbonic acid and oxygen, these

gases are not absorbed according to the law, first stated by

Dalton, which regulates the absorption of a mixture of gases

by a simple liquid. With such a liquid as water, the

amount of gas absorbed is dependent on the s^^ecific nature
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of tlie gas, on the temperature at which absorption takes

phice, and on the pressure to which the gases are subjected.

Where a mixture of two or more gases are exposed to such

a liquid, the quantity of each gas absorbed is also dependent

on the pressure which each gas exerts on the liquid. It was

first pointed out by Magnus that COg and O do not behave,

with regard to blood, according to the law of Dalton

above stated, and consequently he concluded that a portion

of each gas is not simply dissolved in the fluid, but combines

chemically with some constituent or constituents of the blood.

Numerous researches have confirmed this opinion, and the

fact may be readily demonstrated by means of the apparatus

seen in Fig. 57. Thus, a certain amount of COg may be

obtained from blood b}^ simply exposing it to a vacuum,

whilst the remainder is liberated only after the addition of

tartaric acid. The exact nature, however, of this state of

loose combination is unknown. The capacity of absorption

of both CO2 and O by serum is nearly the same as that of

distilled water.

C.—THE CHANGES WHICH THE BLOOD UNDERGOES WHEN

REMOVED FROM THE BODY.

When blood is removed from the body and exposed to the

air and to contact with foreign, bodies, it quickly separates

into a solid and a fluid portion, a change known as the

coagulation of the blood.

1. Geneeal Phenomena of Coagulation.

From two to five minutes after removal from the blood-

vessel, the blood separates into a solid part termed the clot,
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and a fluid portion known as tlie serum. The form of tlie

clot is always that of the vessel into wliicli the blood is

received, and at first it apparently completely occupies the

volume of the previously fluid blood. In the course of a few

minutes, however, the clot begins to shrink, and it soon

separates itself from the sides and bottom of the vessel, and

floats in a fluid of a straw yellow colour. The contraction of

the clot usually terminates in from 12 to 20 hours. As the

resistance to contraction of the clot is greatest where it

touches the sides of the vessel, and least in the centre, the

upper surface usually becomes concave, or, in the language

of the old pathologists, cuj^j^ed. When a clot formed in a tall

cylindrical glass vessel, of narrow diameter, is examined, it

will be seen that its colour increases in intensity from above

downwards. Thus the surface may be nearly white, with a

shade of pink, and the colour may become, by insensible

gTaduations, deeper and deeper until the base of the clot is

seen to be blood-red. The white layer thus formed is known
as the huffy coat, and is due to the presence in that region of

a preponderance of colourless corpuscles. It is best seen in

blood which coagulates slowly; as, when this occurs, the

coloured corpuscles, from their greater specific gravity, sink

towards the bottom, leaving the lighter colourless corpuscles

nearer the top.

Whilst the blood was in the body it consisted of a fluid,

the liquor sanguinis, in which floated the two kinds of

corpuscles. "WHien coagulation takes place, a new solid

substance is formed called fibrin, constituting the fibrous

matrix of the clot, in which the greater number of the

corpuscles become entangled. Clot, therefore, consists of

fibrin and corpuscles, and the serum consists of fluid,

holding, in suspension, only a few corpuscles, and, in solu-

tion, salts, soluble organic substances, and gases. The
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process may be conveniently impressed on the memory by

the following diagram:

—

Circulating Blood. Coagulated Blood.

T • • • ( Serum Serum.
., Liquor sanguinis. 1

( Fibrin

Corpuscles —> Clot.

2. Physical Conditions Influencing Coagulation.

It is accelerated by the following causes: (1) the presence

of oxygen; and (2) a mean temperature. The free access

of air undoubtedly favours the clia.nge. This may be readily

observed by contrasting the time required when the blood

is collected in a large or flat vessel with that necessary

in tubes or deep cylindrical vessels with narrow mouths.

Blood will coagulate in vacuo, but the change is much

delayed if precautions be taken to avoid agitation and to

have the temperature of the vessel nearly that of the blood

in the vessels. On the other hand, the process is retarded:

(1) by the absence of oxygen; (2) by a temperature below

zero or above 60° C.
; (3) by saturation of the blood with

COgj and (4) by the addition of neutral salts, such as

sulphate of soda, carbonates of soda or of potash, nitrate

of potash, and the alkaline chlorides. Coagulation may be

prevented for a considerable time, so as to secure separation

of the coloured corpuscles from the liquor sanguinis, by

collecting blood, say from a horse, in a tall vessel, surrounded

by ice. The liquor sanguinis, thus obtained tolerably pure,

on being removed from the vessel by a pipette, and submitted

to ordinary temperatures, speedily coagulates into a trans-

lucent yellowish jelly.

I
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3. Vital Conditions influencing Coagulation.

In normal circumstances, whilst the blood is circulating

through the vessels, coagulation does not take place. It

would thus appear that the walls of the vessels, whilst alive,

may prevent the change. As Briicke has pointed out, whilst

the blood is in the vessels, many of the conditions, such as

movement, friction and temperature, are the same as those

which favour coagulation when the blood is removed from

the body j but in normal circumstances, in addition to these

conditions, the blood is in contact with living tissue. "When

the tissue dies, the blood coagulates, as may be seen in the

bloodvessels of a dead animal. Occasionally, however, blood

may remain fluid for a lengthened period, even in dead

vessels. Nor does the blood coagulate in the smaller vessels

immediately after death. It may remain fluid for hours.

Coagulation first commences in the heart and larger vessels,

then in those of intermediate size ; whilst in the smallest,

decomposition may set in without any previous stage of

coagulation. Foreign bodies introduced into the current of

the circulation may become covered with a layer of fibrin,

and it is well known that this may also occur on any surface

roughened by inflammatory deposit either on the valves of

the heart or in the interior of vessels. In some pathological

states, also, there is a tendency to coagulation in the cavities

of the heart, or in the vessels, leading to the formation of

what is called a thrombus, and a portion of this, detached

and whirled off by the stream of blood, is known as an

embolus.

4. Nature of Coagulation.

The old view held with reerard to coagulation was that a

substance called fibrin was dissolved in the blood, and
u
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in some transudations from the blood, and that in cer-

tain conditions it coagulated so as to form a clot. In

1845, Professor Andrew Buchanan, of the University of

Glasgow, first clearly indicated that at least two substances

were necessary for the production of fibrin, by demonstrating

that certain fluids (such as that from a hydrocele), which do

not coagulate spontaneously, undergo this change when a

morsel of clot, or fluid expressed from the clot (serum), or a

bit of muscle or of membrane, are added to it. Dr. Buchanan

also recognized that two fluids, serum and hydrocele fluid,

neither of which coagulate spontaneously, will form a co-

agulum when mixed together. Since that date, numerous

researches by Schmidt of Dorpat, by Allchin, and others,

have conclusively proved the truth of Dr. Buchanan's theory

:

the elements of fibrin have been obtained analytically, and

they have been synthetically combined to form fibrin. The

nature and conditions of the change will be best understood

by describing briefly the characters of the substances

involved. <

1. Fibrin. This substance may be readily obtained by

washing a blood clot, or by switching some blood with a

bunch of twigs. It consists of white, structureless filaments,

insoluble in water, alcohol, or mineral acids; soluble in

lactic, phosphoric, and acetic acids; also soluble in potash,

solutions of alkaline salts, and in a y o*^ P®^ CQTit. solution of

common salt. It is decomposed by oxygenated water, split-

ting up into various substances.

2. The Plasmine of Denis. If common salt, to the point

of saturation, be added to liquor sanguinis, obtained free

from corpuscles, from the blood of the horse, by the applica-

tion of cold, a whitish, cloudy precipitate falls. This pre-

cipitate, re-dissolved in water, soon forms a coagulum ; and,

according to Denis, it divides into two parts, one forming a

clot, which is true fibrine, and the other, remaining in the
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liquor sanguinis, which he terms soluble fibrine. On the

removal of the plasma of Denis from the liquor sanguinis,

the latter loses the tendency to coagulation. It would there-

fore appear that the formation of fibrin depends on some

change occurring in this substance. The question arises as

to whether or not the plasma of Denis be itself a simple

substance.

3. Fihrinogen. If some hydrocele fluid, which coagulates

on the addition of a little serum, be treated with common
salt or with a stream of carbonic acid, a precipitate is

obtained, on the removal of which the fluid will not coagulate

on the addition of serum; but if the precipitate be added

to serum, a coagulum is formed. This substance is termed

fibrinogen.

4. Fibrinoplastin. On the other hand, the addition to

saturation of common salt to serum, or the passage for a time

of a stream of carbonic acid through serum diluted with

twenty times its bulk of water, throws down an amorphous

precipitate, which when re-dissolved^ and added to hydrocele

fluid, will form a clot, whilst the serum, after removal oi

this substance, has no such effect. This substance is termed

fibrinoplastin.

Thus it may be demonstrated: (1) that a fluid containing

fibrinogen alone—hydrocele fluid—will not coagulate sjDon-

taneously; (2) that a fluid containing fibrinoplastin alone

—

serum—will not coagulate spontaneously; (3) that fluids from

which either of the substances have been removed Avill not

coagulate on the addition of the other substance, or of the

fluid which contains it; and (4) that when two fluids, the first

containing the one substance, and the second the other, are

mixed, fibrin is formed. Finally, as was shown by Allchin^

fibrinogen and fibrinoplastin may be separately obtained by

the chloride of sodium 2;)rocess, re-dissolved, and when the

solutions are mixed, a coagulum, fibrin, is the result. In all
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probability, therefore, the plasma of Denis consists of these

two substances. It exists, as has been pointed out, in the

blood, and, in addition, both fibrinoplastin and fibrinogen,

may be isolated from that fluid. The dif&culty is to explain

why it is that these two substances do not readily combine

even in the circulating blood. Here knowledge is obscure and

we pass into the region of hypothesis. It has been supposed

that a third substance is necessary, in living conditions, for

the fusion of the two elements of fibrin—a substance of the

nature of a ferment; and it has been further supposed that

during life this ferment is changed as rapidly as it is formed,

so that coagulation does not take place. If, however, the

ferment be not destroyed, as on death of tissue, or on the

removal of the influence of tissue, it will combine fibrinogen

and fibrinoplastin so as to form fibrin. The ferment has

not been isolated, and the only definite fact suggesting the

probability of its existence is, that colourless blood corpuscles

appear to be essential to the formation of fibrin, of the

appearance and of the consistence it presents in ordinary

blood clot. This may appear inconsistent with the state-

ment above made, that when fibrinogen and fibrinoplastin

are separated by the chloride of sodium or carbonic acid

processes, fibrin is produced ; but it must be remembered

that these processes may separate the ferment as well as the

two other factors.

Consult Andrew Buchanan's original papers in London Medical

Gazette, April, 1836 ; and proceedings of Glasgow Philosophical

Society, March, 1844 and 1845 ; Lister, Proceedings of the Royal

Society, 1863; A. Schmidt, in Reichert and Du Bois-Eeymgnd's

Archiv, 1861, and in Pfltjger's Archiv, 1872-1876 ; also Hamato-

logische Studien, Dorpat, 1865. See also Foster's Physiology,

p. 14 ; Burdon-Sanderson, in Handbook for Physiological Labora-

tory ; and Wtjndt's Physiologie, p. 229. John Hunter's Article

on Inflammation should also be referred to. See his works, edited

by Palmer, vol. I.

J
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D.-TEE CIRCULATION OF THE BLOOD.

The blood, which in an adult probably amounts to about

TfJ^th part of the weight of the body, is contained during life in

a continuous system of more or less elastic vessels. Anatomi-

cally, these consist of (1) the arteries, terminating in (2) the

capillaries, from which originate (3) the veins ; whilst a

Fig. 60.—Diagram showing generally the course of the Circulation
and some of the principal vessels : H', right ventricle ; H, left ven-
tricle ; A, A, A, aorta ; k part of left auricle ; P, pulmonary artery
going to lungs ; v, ascending or lower vena cava ; e, trachea or wind-
pipe ; a', a, right and left carotid arteries ; v', v, veins from root of
neck (internal jugular and subclavian) joining to form descending or
upper vena cava; i, hepatic artery; I, hepatic vein; I, superior
mesenteric artery going to mesentery and bowels ; L, portal vein
going to liver ; k', renal arteiy ; k, renal vein ; V, inferior vena cava
splitting into the two iliac veins.—AiiLEN Thomson.

special contractile organ (4) the heart, is placed at the com-

mencement of the arteries and the termination of the veins.

The general arrangement is seen in Fig. 60.
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The heart may be regarded as a double organ, each half

consisting of an auricle and a ventricle, the right half con-

taining blood which has been returned from the body to be

sent to the lungs, and the left half containing blood which

has been returned from the lungs to be distributed to the

body. There are thus, in a sense, two circulations ; the one,

joulmonary, from the right side of the heart, by the pulmon-

ary artery to the lungs, through the capillaries of the lungs,

and back to the left side of the heart by the pulmonary

veins; and the other, systemic, from the left side of the

heart, by the aorta, and the arteries which ramify from it,

to the capillaries throughout the tissues, and from thence by

the veins to the right side of the heart. Thus the course of

the circulation may be traced from right auricle to right

ventricle, through right auriculo-ventricular opening, guarded

by the tri-cuspid valve ; from right ventricle by pulmonary

artery, through the ca])illaries of the lungs, to the pulmonary

veins which open into the left auricle ; from left auricle to

left ventricle, through left auriculo-ventricular opening,

guarded by the mitral valve ; from the left ventricle into the

greater arteries, the medium-sided arteries, and the arterioles

into the capillaries of the tissues and organs, and from thence

by the veins, opening into larger and larger trunks so as

ultimately to constitute the superior and inferior vense cavse,

w^hich open into the right auricle, from which we started.

Remembering that the walls of these tubes are all more or

less elastic, imagine them to be filled with a considerable

amount of fluid; we would then have a condition of per-

manent tension, which would be varied if pressure were

applied to any part of the system. Such a variation of

pressure would produce a movement, or, in other words, a

circulation, and by mechanical arrangements of valves, the

movement might be always in the same direction. In the

living body, the contractions of the heart force blood into
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the arterial system so as to increase pressure in that part of

the circulation j the arteries empty part of their contents

into the capillaries which carry the blood to the veins, so as

to tend to an equalization of pressure between the venous

and arterial systems; if the pressure in both systems became

equal, there would be no circulation, but as the veins pour a

portion of the blood back again into the heart, this organ

again contracts so as to prevent the possibility, during life,

of an equalization of arterial and venous pressure. Thus

movement, or circulation, goes on.

The fact that there is a complete circulation of the blood

was first demonstrated by William Harvey in 1628.

We shall describe (1) the action of the heart; (2) the

action of the vessels ; and (3) the relation of the circulation

to the volume of other organs.

1. The Action^ of the Heart.

The heart may be regarded as a hollow muscle, of which

the external surface is covered by a serous membrane, the

liericardium, whilst the interior is lined by another serous

membrane, the endocardium. It is situated in the left half

of the chest, and it is placed obliquely in three directions

—

namely, from above downwards, from right to left, and with

reference to its own median plane. The base corresponds to

the bodies of the sixth, seventh, eighth, and ninth dorsal

vertebrse, and its apex is situated behind the sixth costal

cartilage on the left side. With the general form of the

cavities, the arrangement of the vessels, and the muscular

structure of the heart, the student is presumed to have made

himself familiar in his anatomical studies.

Consult QuAiN", vol. II., p. 242. For original observations as to

the size and weight of the heart, see John" Reid's paper in the
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Edinburgli Monthly Journal of Medical Science, April, 1843; and a

paper by J. B. Peacock, in the same Journal, in 1846.

The pericardium is adherent below to the upper surface of

the diaphragm, so that the heart follows, within certain

limits, the ascent and the descent of that muscle.

a. Modes of Examining the Heart.

When the hand is applied to the side, a little to the left of

the left nipple, and in the interval between the fifth and sixth

ribs, a shock or impulse is experienced. In some rare cases,

where there was a congenital fissure of the sternum, th&

Fig. 61.—Section of the Cardiograph of Marey for recording tlie

movements of the heart of man or of animals, a, india-rubber mem-
brane ; &, -vulcanite or ivory knob applied over the apex of the heart,
resting on a thin aluminium plate; c, spiral, which may be tightened
or relaxed by turning the milled head d, thus increasing or diminishing
the sensibility of the instrument ; e, f, tube leading to the registering
tambour.

finger could be applied to various parts of the heart's sur-

face. This mode of examination may be termed palpation.

Again, when the ear is applied either directly, or indirectly

by means of a stethoscope, over the position of the heart,

sounds are heard, the duration and rhythm of which are of

physiological importance. This mode is known as ausculta-

tion. The direct registration of the movements of the heai't

has been accomplished with the aid of instruments termed

cardiographs, of which the most convenient form is that of

Marey, seen in Fig. 61.
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The adjustment of the apparatus with a registering tam-

bour is seen in Fig. 62.

Fig. 62.—Arrang:ement of apparatus for recording movements of the
heart by the cardiograph of Marey. a, cardiograph ; h, tiibe, communi-
cating with c, recording tambour ; d, clockwork, moving cylinder e; f,
fine adjustment screw for bringing lever of registering tambour on
surface of cylinder at the proper time; g, box, in which the whole
instrument may be packed.

The following are examples of tracings obtained by this

method :

—

Fig. 63.—Tracings of the cardiac pulsations of a healthy man.
[Marey.) The differences in form between the first two and the last
pulsation are due to respiratory influences.
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Fig. (.4. —Tracings of the cardiac pulsations of a man suffering from
a febrile affection. {Marey.) Observe the irregularities of the curve as

contrast ed \\'\tl\ Fig. 03.

Fig. 65. —Tracings of the cardiac pulsations of a dog. {Marey.)
Observe the general similarity in form between Fig. 65 and Fig. 63.

The movements of the heart of a cold-blooded animal, such

as the frog, may also be studied after removal from the body,

and tracings of even so small an organ may be obtained, by

the arrangement shown in Fig, 32, p. 129.

b. General Characters of the Movements of the Heart.

The movements of the heart consist of a series of contrac-

tions which succeed each other with a certain rhythm. The

period of contraction has received the name of the systole,

whilst that of the relaxation is known as the diastole. The

two auricles contract and relax synchronously, and these

movements are followed by a simultaneous contraction and

relaxation of the ventricles. Thus, there is a systole and a

diastole of the auricles, and a systole and diastole of the

ventricles. On the other hand, if we consider each half of the



ACTION OF THE HEART. 315

heart, the contractions and relaxations of the auricle, and the

contractions and relaxations of the ventricle are successive.

Finally, there is a very short period in which the heart is

entirely in diastole. The whole series of movements, from the

commencement of one auricular systole to the commencement

of the one immediately following has received the name of

the cycle, or period ofrevolution of the heart, and the sequence

and duration of the various movements may be fixed on the

memory with the aid of the following diagram :

1 1
I1 1

BHHH^^1
Fig. 66.—Diagram of the movements of the heart. Modified from

Beaunis, Wundt, and Landois. For description see text.

In this diagram, the systole is represented by a curve

above the horizontal lines and the diastole by a curve below

these; the auricular changes are traced on the upper line,

au—au, and those of the ventricle on the lower line, vent—
vent. The length of the lines represents the total duration of

a cardiac revolution. On examining this diagram, it will be

seen that the auricular systole occupies ith part of the total

time of a revolution of the heart, and the ventricular systole
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fths; that the auricular systole immediately precedes the

ventricular systole; that the commencement of the ventricular

systole coincides with the commencement of the auricular

diastole, and that during |ths of the total period, both

auricles and ventricles are in a state of diastole. There are

thus three periods to be considered : (1) a period of auricular

systole, ^th
; (2) a period of ventricular systole, |ths ; and

(3) a period of repose, fth. The impulse of the apex against

the walls of the chest, the moment of which is indicated in

the diagram by a x , occurs at the middle of the time occupied

by the ventricular systole.

In 1861, Chauveau and Marey succeeded in obtaining a

direct record of the various movements of the heart of a

horse by .introducing into the right cavities, auricle and

ventricle, small oval pressure-bags filled with air and which

were connected with registering tambours. These, along

with a third tambour connected with a cardiograph applied

to the chest over the apex of the heart, were adjusted

in the same plane to a blackened surface on a revolving

cylinder. The tracing is seen in Fig. 67, and ought to be

carefully studied, not only as giving a history of the cycle of

changes occurring in the heart, but as being one of the most

beautiful applications of the graphic method of registering

physiological phenomena with which we are acquainted.

Observe, in the tracing, an illustration of the following

points : (1) The auricular contraction is less sudden than

the ventricular, as indicated by the line a h being more

oblique than the line c' d'
; (2) The auricular contraction lasts

only for a very short time, as shown by the curve almost

immediately beginning to descend, whereas the ventricle

remains contracted for a considerable time, and then slowly

relaxes
; (3) The time of the contraction of the auricle and

of its relaxation are about equal, but the time of the relaxa-

tion of the ventricle is nearly twice as long as the time of its
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contraction : the movements of the auricle are thus uniform
and wavelike, whilst those of the ventricle are more of a

spasmodic character
; (4) The auricular movement, as already

stated, immediately precedes the ventricular, and the latter

coincides with the impulse of the apex against the wall of the

chest, as may be seen by allowing the eye to follow the second

SBSKSS

Fig. 67.—Tracings obtained from the heart of a horse by Chauveau
and Marey. The upper tracing' is from the right auricle, the middle
from the right ventricle, and the lower from the apex of the heart.

The horizontal lines represent time, whilst the vertical represent amount
of pressure. The vertical dotted lines mark coincident points in the
three movements. The breadth of^one of the small squares = y^^th of
a second. For further description see text.

vertical dotted line
; (5) The contraction of the auricle, by

forcing blood onwards, affects the pressure for an instant in

the ventricle, as indicated by the little elevation seen im-

mediately before the ventricular contraction ; and lastly, (6)

During the period of contraction of the ventricle, there are

oscillations of pressure affecting both the auricle and the

ventricle which ara indicated by the little waves d e, d' e\
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d" and e!' on tlie three lines : similar waves are seen in the

other curves, at h i, K i\ and h'' i\

We must still study a little more closely the phenomena

occurring in the heart so far as the hlood is concerned.

Suppose the blood to be pouring from the venae cavse and

from the pulmonary veins into the two auricles. At that

time, the auricles are passing into a state of complete diastole,

and their cavity is increased by the funnel-shaped aperture

at the auriculo-ventricular openings formed by the segments

of the valves guarding these orifices. It is also to be noted

that during this time both ventricles are filling with blood,

the auriculo-ventricular orifices being open. When the dis-

tension of the auricles is complete, the auricular systole

commences as a rhythmic contraction at the orifices of the

veins, which is afterwards j^ropa-gated through the whole of

the auricle. The contracting Avail forces the blood chiefiy

in the direction of least resistance, that is into the ventricle,

which at that time is only partially full of blood, and is

passing into a state of complete relaxation. The pressure in

the veins, aided by the rhythmic contraction made by them

at the commencement of the auricular systole, is quite suffi-

cient to prevent the blood from passing backwards, except to

a very slight extent. It is thus seen that the auricles act

not only as passive reservoirs for the blood in its passage

from the veins to the ventricles, but as rhythmic cavities

tending to keep up a mean pressure in the veins, in dimin-

ishing by their extensibility the pressure which tends to

increase during the A^entricular systole, and in increasing it

by their contraction at a time when the venous pressure

would diminish, that is, towards the close of the ventricular

diastole.

The amount of blood discharged into the ventricles (al-

ready partially filled during the relaxation of the auricles)

by the auricular systole is sufficient to fill their cavities, and

J
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consequently, the ventricular systole immediately follows the

contraction of the auricles. When the ventricles contract,,

the musculi-papillares act at the same time, so as to bring

the edges of the auriculo-ventricular and mitral valves into

close contact, an arrangement which ju^events the passage

of blood backwards into the auricles. The blood thus com-

pressed can only pass into the pulmonary artery from the

right, and into the aorta from the left, ventricles. As it

passes, the segments of the sigmoid valves are pressed against

the walls of the vessels, and as both the jDulmonary artery

and aorta contained a certain amount of blood before, the

pressure in these vessels is increased, and the walls of both

yield to a considerable extent. As already stated, the

ventricle continues in the contracted state for a brief space

of time, and then it relaxes. Simultaneously with the com-

mencement of relaxation, the auriculo-ventricular orifices

open, thus permitting the passage of blood from the auricles

;

and at the same time, the elastic walls of the aorta and

pulmonary arteries recoil so as to force a portion of the blood

backwards toward the cavities of the ventricles, in which, as

they are passing into diastole, the pressure is much less than

in the vessels. This blood, however, by filling the sinuses

of Valsalva and the crescentic pouches of the sigmoid valves,.

closes these valves so as to prevent any blood from passing

into the ventricles. It is probable that the elasticity, both

of the auricular and of the ventricular walls, must exert a

kind of aspiration or sucking action which Avill expedite the

filling of these cavities. The influence of the movements of

the chest will be discussed in treating of the mechanism of

respiration.

c. Shock of the Heart.

At the time of ventricular systole, the form of the heart

changes : in place of being an oijlique cone, having an;
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elliptical base, as in rest, it becomes a right cone, having a

circular base ; and the longitudinal and transverse diameters

of the ventricular portion diminish, whilst the antero-posterior

increases. The heart also rotates on its long axis from

left to right, so as to expose partially the left ventricle.

At the same time, the apex performs a gliding movement

against the thoracic walls. This gliding movement, called

the sJioch or impulse, is synchronous with the ventricular

systole, as may be seen in Marey's tracings. It has been

supposed by some, such as Ludwig, that these movements

of the heart, as a whole, may be due to a twisting move-

ment of the aorta in the longitudinal direction when the

ventricle throws a qutintity of blood into it.

d. The Heart considered as a Muscle.

Marey has shown, by a series of beautiful researches, that

the form of the curve obtained by a systole is that of a

muscular contraction ; that fatigue diminishes the amplitude

and increases the duration of the contraction, just as happens

with a muscle, and that the effects of heat and cold are also

similar. He has also ascertained the period of latent

stimulation of the heart of the frog to be about the J of a

second, a much longer time than the xo o*^ ^^ ^ second,

the period of latent stimulation obtained on exciting the

muscles of the leg.

e. Decomposition of a Cardiographic Tracing into its

Several Elements.

By placing the heart of a tortoise under the lever of an

:apparatus similar to what is shown in Fig. 32, p. 129, Marey

obtained the following tracing :

—
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Fig. 68.—Tracing of the pulsation of the heart of a tortoise, a, b,

duration of the first ventricular systole ; b, a-, the diastole ; a', b', the
second ventricular systole. {Marey.)

Fig. 69.—Coats' apparatus for studying the movements and pressure
of the heart, a, c, tube conveying serum to the heart ; the serum
passing into inferior vena cava at d ; b, stopcock. Connected with the
aorta d' there is a small mercurial manometer e, which writes the
movements and the pressure by the marker /, g. In this apparatus,
the heart forces the blood back again into the tube a, and thus there is

no true circulation.
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It is not only interesting and instructive to analyse the

elements of this curve, but the study of Marey's mode of

doing so, is an excellent example of the application of scien-

tific methods to physiological research. Ludwig and Coats

were the first to introduce the method of studying and re-

cording the movements of the isolated heart by establishing

in connection with it an artificial circulation of serum. The

apparatus used by Coats is seen in Fig. 69.

Marey modified the method, so as to obtain the following

indications: (1) the changes of volume of the heart with

each of its systoles
; (2) the changes of pressure of the blood

in the vessels ; and (3) the quantity of blood passing in a

given time. Fig. 70 shows the apparatus he employed.

Fig. 70.—Apparatus for measuring- the changes in volume of the
heai't during the phases of systole and diastole, with the changes of

pressure which the systolic effort produces. {Marey.) a, Heart of tor-

toise in air-tight glass vessel, supplied with defibrinated blood from
cistern c, hy the tube d b, and sending blood, when it contracts, by the
tube g h, into a small and very thin india-rubber bag i, in the air-tight

vessel k; the blood passes from this bag i to the cistern c, by the tube

f e—the heart, by its rhythmic contractions, keeping up a circulation.

The tube e, communicating with the air-tight glass vessel, registers on
the cylinder p, by the tambour o, the changes of volume of the heart «

,

whilst the tube k m,communicating with the tambour n, registers the

changes of pressure in the thin india-rubber bag i. By graduating the
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cistern c, the amount of blood passing in a given time could also be
measured. It is quite evident that the deficiency, both in Coats' and
Marey's arrangement, is that the wall of the heart itself is not supplied
with blood. If this could be arranged, the action miofht go on for a
very lengthened period.

By this apparatus, Marey obtained first the changes of

volume of the heart, as seen in the following curve :

—

Fig. 71.— Curve of the changes of volume of the heart of a tortoise
placed in the apparatus, Fig. 70. (Marey.) a ?>, jseriod of ventricular
systole = diminution in the volume of the heart, b a', period of
diastole = increase of volume.

To measure the pressure exerted on the blood by the

contracting ventricular wall with great accuracy would have

necessitated the introduction of a manometer into the small

cavity, a very difficult proceeding, Accordingly, he measured

it approximately, by estimating the change of consistence of

the ventricular wall, by pressing against it a narrow blunt

body which recorded its movements by a tambour. Thus he

obtained the following curve :

—

Fig. 72.—Curve of changes of pressure of the ventricles measured by
the resistance which the organ opposed to compression from an external
cause, a b, hardening during systole, which increases towards the end
of systole ; b a', state of softness during diastole.

Having thus obtained the two elements, change of volume

of the ventricles and changes of pressure of the blood in its

cavities, in two distinct curves, he combined them so as to
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reproduce the original tracing seen in Fig. 68. He superim-

posed the curve of change of pressure on the curve of change

of volume, so that the change of pressure coincided with

the systolic period, as it manifestly must do, and the result

was as follows :

—

Fig, 73.—Reproduction of the pulsation of the heart of a tortoise by
the addition of the curve of change of volume to that of change of
pressure. The dotted line is obtained by adding to the part a b of Fig.
71 the portion a & of Fig. 72. {Marey.)

From these data, and many others of a similar kind,

Marey has succeeded in constructing an apparatus which

not only artificially produces the form of curve characteristic

of cardiac contractions, but imitates, with great exactitude,

other cardiac phenomena.

f. Frequence/ of the Cardiac Pulsations.

These, in the adult, number from 65 to 75 per minute.

Each pulsation lasts about 35 seconds, as may be seen by

Fig. 74.—Time of individual cardiac pulsations. Chronograph = 100
vibrations per second.
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referring to Fig. 74, which is an exact copy of tracings

obtained by a cardiograph and a chronograph.

The number of pulsations diminishes from morning to

mid-day, after which it again rises ; it is increased by food,

by muscular exercise, by rising from the horizontal to the

vertical position, by heat, &c. There is also a distinct

relation between the quantity of blood in circulation and

the frequency of the beats of the heart. Thus, according

to Yierordt :

—

Horse,

Man,

Dog,

Rabbit, .

Guinea-pig,

g. Quantity of Blood in the Heart.

From a heart of average size, each ventricular systole

ejects about 180 grammes. This is the figure usually given,

but it must be regarded merely as approximative. The

amount may even vary in the same individual according to

the state of vigour of the muscular walls of the organ.

h. Mechanical Work of the Heart.

This may be ascertained by the following calculation :

Each systole of the left ventricle forces into the aorta 180

grammes of blood ; the pressure in the human aorta has been

estimated at 20 centimetres of mercury—that is, it would

support a column of mercury of that height ; 20 centimetres

of mercury = 2J metres of blood ; as the heart must overcome

this pressure, the work done by each systole is as if it raised



326 SPECIAL PHYSIOLOGY.

180 grammes of blood 2| metres high—that is, 180 x 2

J

= 0*4:5 kilogrammetres ; say 70 systole^ per minute = 0*46

X 70 = 31-50 kilogrammetres per minute = 31*50 x 60 = 1890

per hour = 1890 x 24 = 45360 kilogrammetres per day. As
the pressure in the pulmonary artery is much more feeble

than in the aorta, the work done by the right ventricle may
be set down as \ of that of the left—thus

Work done by left ventricle = 45,360 kilogrammetres.

Work done by right ventricle =15, 120 ,,

Total cardiac work 60,480 ,,

In other words, the work done by the heart, in 24 hours,

is equal to that done in raising 60,480 kilogrammes 1 metre

high, or 1 kilogramme, 60,480 metres high. The work done

is thus enormous, amounting, as will be seen in discussing

nutrition and animal heat, to about -|th of the total work

accomplished by the body.

i. Sounds of the Heart.

When the ear is applied over the cardiac region of the

chest of a healthy man, two sounds are heard, the one with

greatest intensity over the apex, and the other over the base,

of the heart. The sound heard with greatest intensity over

the apex has received various names, such as the first, the

long, the inferior, and the systolic sound, whilst that over the

base has been called the second, the short, the superior, and

the diastolic sound. It is impossible to describe these sounds

accurately for any practical purpose ; the student must hear

them for himself by listening to a healthy heart. He should

do this with the aid of a stethoscope and with stillness and

freedom from distraction. Suppose the sounds expressed by

the syllables liqip, dii'pp^ he will notice that the accent is on
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lupp (the first sound) when the stethoscope is over the apex:

thus liipp, dupp, liipp, dupp; and over diipp (the second

sound) when over the base—thus : luipp., dupp, lupp, dupp.

He will also observe a pause between the second sound and

the next succeeding fii'st sound—thus :

At apex—Idpp dupp (pause) liipp dupp (pause) lupp dupp.

At base—lupp dupp (pause) lupp dupp (pause) lupp dupp.

There is no appreciable pause between the first and second

sounds. It is difficult to state the causes of these sounds.

Some have supposed that the first is due to vibrations of the

iiuriculo-ventricular valves ; others that it is muscular, owing

to contraction of the ventricles ; not a few have attributed it

to movements of the blood through the aortic and pulmonary-

orifices; whilst the remainder have iniagined that the sound

might be the result of a fusion of these eftects. It is cer-

tainly not due to the shock of the heart against the chest, as

it may be heard in the heart of the dog after removal from

the chest. The sound has not the quality likely to proceed

from vibrating membranes or from the rush of fluid through

an orifice, and it is difficult, on acoustical principles, to con-

ceive a fusion of the supposed causes. It is not likely that

the vibrations caused by movements of the valves, by mus-

cular contractions, and by the rush of blood into the aortic

and pulmonary orifices are precisely similar in number, or

that the sounds produced by these causes are members of a

harmonic series, by the combination of which a tone of the

pitch and quality of the first sound is produced. The most

likely hypothesis is that it is a muscular sound, varying in

quality from the ordinary muscular sound from the peculiar

arrangement of the cardiac fibres, acting on an incompressible

fluid in a confined space and which can escape by only one

aperture ; and this view is supported by the fact that any

pathological state which afiects the cardiac wall, such as
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occurs in typhoid fever, weakens and may even remove the

first sound.

It may be objected to this view that derangements of the

Talves aifect the first sound, and that therefore it cannot

possibly be due to muscuhir action alone. But the passage

of fluid through an orifice such as is formed by diseased

mitral valves is quite sufficient to produce a sound which

will entirely mask the normal sound ; and it has always

appeared to the author that the blowing sound heard with

disease of the valves is an abnormal sound entirely difierent

from the normal first sound, and of sufficient intensity either

to mask it entirely, or to produce a sound of the intensity

and quality characteristic of a blowing murmur. He is also

inclined to think that the proper sound of the heart in

normal circumstances is only an insignificant factor in the

production of a blowing murmur.

Less doubt exists as to the cause of the second sound

which appears to be associated with the closure of the

sigmoid valves. If one of these valves be hooked up by a

curved needle, as was done by Williams, the sound disappears,

whilst it returns when the needle is withdrawn. For prac-

tical purposes, and irrespective of the causes of the sounds,

the student should familiarize his mind with what is occurring-

in the heart during the time occupied by each sound.

Thus, with the first sound, we have (1) contraction of the

ventricles
; (2) closure of the auriculo-ventricular valves

; (3)

rushing of the blood into the aorta and pulmonary artery

;

(4) the impulse of the apex against the chest ; and (5) filling

of the auricles : with the second sound, (1) closure of the

semi-lunar valves from the elastic recoil of the aorta and

pulmonary artery
; (2) relaxation of the ventricular wall

;

and (8) opening of the auriculo-ventricular valves so as to

allow the passage of blood from auricle to ventricle : with the

pause (1) gradual re-filling of the ventricle from the auricle;
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and (2) contraction of tlie auricle, so as to entirely fill the

ventricle.

j. Innervation of the Heart.

1. Intrinsic Ganglia.—If the heart of a decapitated frog

be removed from the body, it will continue to beat for some

time, although it has been thus removed from the influence

of the great nervous centres. Rhythmical movements, there-

fore, may continue for a time independently of these centres.

If we then cut off the apex of the heart, it will remain

motionless whilst the larger portion will still beat rhythmi-

cally. Successive slices may then be removed from the larger

portion without affecting rhythmical contraction until a sec-

tion is made in the auriculo-ventricular groove, when it ceases

in both portions. Stannius has analysed these phenomena

with great care, and has shown that in the heart of the frog,

at all events, there are ganglionic centres, having independent

functions, one class acting simply as reflex centres ; a second,

called accelerating centres, which seem to quicken the cardiac

movements ; whilst a third, named inhibitory, retard or even

arrest these movements. Thus, rhythm may depend on the

first alone, but the amplitude, and the time of the rhythmic

contractions may be regulated by other centres.

2. Inhibitory Influence of the Fneumogastric.—But

although the heart contains intrinsic ganglia, it is also influ-

enced by the cerebro-spinal system, as shown by its palpita-

tions under the influence of emotion. Anatomically, it is

known to receive branches from the pneumogastric and from

the sympathetic nerves. In 1845, E. Weber made the re-

markable discovery that excitation of the trunk of the

pneumogastric in the neck produces, if the excitation be

feeble, a diminution of the number of cardiac beats, and if it

be strong, arrest of the heart in diastole with repletion of all
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its cavities. Section of the nerves he found to be followed

hy an acceleration of the pulse. The slowing and the arrest

of the heart may be produced by electrical, mechanical, or

chemical stimulation. In man, Czermak observed that com-

pression of the carotid (a very dangerous experiment) at the

anterior border of the sterno-mastoid was followed by slowing

of the heart, an effect which he attributed to irritation of

the pneumogastric. The arrest of the heart produced by

•electrical stimulation of the pneumogastric lasts from fifteen

to thirty seconds in the dog. During arrest, the heart has

not lost its excitability, and it will respond to direct stimu-

lation. The stoppage cannot be regarded as a reflex act ; it

is direct, inasmuch as it will take place on stimulating

the distal end of the cut nerve. Various observers have

stated that very gentle stimulation is followed by quickening

of the cardiac movements, and they are disposed to regard

the slowing as a kind of paralytic effect ; but there can be

no doubt that these views arose from errors of the experi-

mental methods they employed, as it is impossible to stimu-

late the pneumogastric nerve, be it ever so gently, without

the result of slowing the heart's pulsations. The accelera-

tion of the beats of the heart which follows section of

the pneumogastrics may be readily observed in animals of

slow pulse, such as frogs, tortoises, turtles, &c. The right

vagus exerts a more powerful influence on the heart than

the left.

But the pneumogastric acts not only on the frequency of

iihe cardiac beats, but upon the amplitude of the pulsations.

When stimulated, the pulsations not only become fewer, but

-also more feeble, so that, according to Coats, the work of the

heart, in a given time, is diminished.

Section of the spinal cord, and of the two sympathetics in

the neck, increase the excitability of the pneumogastric, so

that an extremely feeble irritation is sufficient to arrest
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the heart's action. It has also been ascertained that atropine

paralyses the cardiac action of the pneumogastric ; nicotine

has the same effect after a period of excitation : muscarine^

on the contrary, excites the pneumogastric and stops the

heart in diastole j wpas antiar and veratrine have a very

energetic action, a large dose causing a tetanic state of the

ventricles; and physostigmine slows the heart's action, and

arrests it in diastole. Some of these substances undoubtedly

act on the intrinsic ganglia of the heart. It is probable that

the vagus acts on some of the cardiac ganglia, and not on the

muscular fibres directly.

Thus, certain fibres in the pneumogastric exercise an

inhibitory or restraining influence over the cardiac pulsations,

but the exact mechanism by which they do so is still unknown.

The action, as recorded by a cardiograph, is shown in the

following tracing by Marey.

Fig. 75.—CardiograpMc tracing from a rabbit. The two pneumo-
gastrics had been cut. At the point h, as indicated by the inflection of

the electric signal, a, h, c, the pei'ipheral end of one pneumogastric
was stimulated, and the effect, from i to k, is almost complete arrest
of the movements of the heart. The tracing is to be read from left to
right.

3. Action of the Sympathetic.—This nerve contains fibres

which apparently act antagonistically to the inhibitory fibres

of the vagus, that is, they are accelerators. Section of the

sympathetic, even on one side, is followed by slowing of the

heart's action, whereas stimulation of the peripheral end

causes the beats to become faster. Stimulation also of the

delicate fibres passing to the heart from the inferior cervical
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ganglion causes an acceleration of the beats of the heart.

These accelerating fibres originate, it is believed, in the

spinal cord, as it has been found that even after dividing all

nervous communications between the heart and the cerebro-

spinal centres, and leaving only the accelerating fibres of the

sympathetic intact, even then stimulation of the upper end

of the cord will cause acceleration of cardiac beats. It has

also been ascertained that stimulation of the two first dorsal

ganglia of the sympathetic quickens the beats of the heart.

The accelerating fibres, then, augment the number of the

heart's pulsations, but they do not appear to alter the

amount of work done by the heart. Consequently, in a

strict sense, they cannot be regarded as the motor nerves of

the heart. Moreover, severe excitation does not produce

tetanus as it would do if they were motor nerves distributed

to muscular fibres. They end, probably, in intra-cardiac

ganglia, reinforcing, in some manner unknown, their auto-

matic activity.

4. Reflex Action of some Fibres of the Sympathetic.—^The

sympathetic, in addition to accelerating fibres, contains also

centripetal fibres, which excite reflex activity through the

vagi. If, in a rabbit, the two sympathetic nerves be divided

in the lower part of the neck, and the cephalic end be excited,

there is slowing of the pulse, a result which will not take

place, however, if the vagi have been previously cut. The

sympathetic in the abdominal region appears also to contain

fibres, the excitation of which slows the heart's beats, through

the medium of the vagi. Thus, as shown by Goltz, a sudden

stroke on the stomach may, in this way, stop the action of

the heart, a fact which may account for sudden death from

syncope after a blow on the epigastrium, or after swallowing

ice-cold liquids or corrosive poisons. Frangois-Eranck has

also shown, in an elaborate research on the eflfect on the

heart of excitations of sensory nerves, that sudden and
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severe stimulation of almost any nerve may produce such an

effect. The foliowin 2f is one of his illustrations :

—

Fig. 76.— Slowing of the action of the heart caused by pinching of

the posterior auricular nerve at the point indicated by the vertical

dotted line. Tracing to be read from left to right. At e, the irritation

was removed.

5. Action of the Spinal Cord on the Heart.—As already

stated, there can be no doubt the accelerating fibres originate

in the upper part of the cord. The medulla oblongata con-

tains the inhibitory centre for the pneumogastric, but the

exact situation of the centre has not been well determined.

Stimulation of the medulla is said to be followed by arrest

of the cardiac beats. It would appear, therefore, that in the

medulla and upper part of the cord there are two centres

related to the heart—(1) an inhibitory centre, which gives

origin to the inhibitory fibres of the pneumo-gastrics ; and (2)

an accelerating centre, which is connected with those fibres

passing through the sympathetic that quicken the heart's

movements. It has also been observed that the inhibitory

centre is at once excited by the presence of an undue amount

of carbonic acid in the blood. For example, if the nostrils

of a rabbit be compressed for a few seconds, the heart beats

more slowly. Again, oxygen excites the accelerating centre.

Thus the two centres may each be excited either by the state

of the blood or by nervous influences. These nervous

influences may be of two kinds : (1) those coming from the

periphery of the body {sensory nerves), from the abdomuial

cavity (splanchnics), or from the heart itself by a special

nerve to be presently alluded to (the depressor) ; and (2)

those coming from the higher cerebral centres, the action of
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which explains the influence of emotional states on the

heart.

6. Action of Depressor Nerve.—The action of this nerve,

sometimes called the nerve of Ludwig and Cyon, will be

better understood after studying the circulation in the vessels

and the innervation thereof.

2. The Action of the Bloodvessels.

For a description of the minute structure of blood-

vessels, arteries, veins, and capillaries, see Quain's Anatomy,

vol. II., p. 163. A few words here are sufficient. Ultimate

capillaries may be regarded as being composed of a simple

tissue, consisting of flattened cells,, the edges of which may
be noticed after being darkened by the action of nitrate of

silver. A layer of flattened cells, similar in many respects

to those forming the ultimate capillaries,

constitute the so-called endothelial lining

of vessels, seen in Fig. 77. All the other

vessels consist, as already stated, of a

layer of flattened cells, around which

there are layers of elastic, muscular, and

Fig. 77.—Varieties of connective tissues, of greater or lessthick-
Endotlielium: a, from rm i j_'_l' x i

pleura; c, from vessels; ness. ihese adventitious coats may be
6, two detached cells. T'jii? • 'o-j. /i\divided, lor convenience, into two : (1)

a middle coat, consisting of involuntary muscular fibres

interspersed with connective tissue (the so-called muscular

coat) ; and (2) an external coat, formed of connective tissue

mixed with elastic fibres (the tunica adventitia). In arteries

of small size, there is found a thin elastic membrane per-

forated by numerous small boles (the fenestrated memhrane

of Henle). The microscopical appearance of small vessels is

seen in Figs. 78 and 79.
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It is important to remember the following points in

connection with the action of the vessels : (1) the larger

arteries are highly elastic and feebly contractile; (2) the

Fig. 78.—Capillaries of various
size: a, capillary much magnified
and acted on by nitrate of silver, so
as to show that it is made up of
flattened cells ; &, a smaller vessel
showing the same; c, a small ar-

tery or vein showing transverse
and longitudinal nuclei; d, ultimate
capillary from pia mater of sheep's
brain.

Fig. 79.—An artery of intermed-
iate size : a, a, openings of branches
and position of lining of vessel ; h,

b, b, muscular coat showing trans-
verse nuclei; c, c, coat of connec-
tive tissue.

smaller arteries are highly contractile and feebly elastic
; (3)

the capillaries are elastic and contractile, but it is difficult to-

estimate the extent of their elasticity ; and (4) the veins are

very distensible, and are both feebly elastic and feebly

contractile. Wundt gives the following figures as to the

coefficient of elasticity :

—

Coefficient of Elasticity

in Grammes.

Arteries, 72-6

Veins, 94-9

Portion of Aortic Wall, .

Aorta, in longitudinal direction,

Aorta, in transverse direction.

. 161-0

60-1

38-1

Jugular Vein, in longitudinal direction,

Jugular Vein, in transverse direction,

97-4

47-0

As the arteries pass outwards, they give off branches, the

united calibre of which is, with rare exceptions, greater than
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that of the parent vessel. Thus, as Kiiss expresses it, the

arterial system may be regarded as a cone, the base of which

ends in the capillaries, whilst the summit is at the aorta

;

on the other hand, the venous system is a second cone, the

base being also at the capillaries, and the apex at the right

auricle. Yierordt states that the area of the capillaries is to

the area of the aorta as 800 : 1, and the area of the veins as

400 : 1. This, of course, is merely an approximation, and it

may be very wide of the mark.

In studying the circulation in the vessels, we shall con-

sider (1) the arterial, (2) the capillary, and (3) the venous,

circulations. Afterwards, it will be necessary to examine

the conditions which regulate arterial pressure and rapidity

of current, both as regards the heart and the nervous ar-

rangements. It will assist the student, however, in the

first instance, to study, in a general manner, the laws regu-

lating the passage of fluids through tubes.

a. Flow of Fluids in Tubes.

1. Rigid Tubes.—The movements of fluids in rigid tubes

may be readily studied by connecting together pieces of

glass tubing, of equal calibre, having vertical tubes, of the

form of an inverted T, thus J_, inserted at various distances

in the course of the horizontal tube. Such vertical tubes

are termed Piezometres, and the amount of pressure exerted

by the fluid in the horizontal tube may be measured by the

height to which the fluid ascends in the vertical tube.

When fluid is forced through such an arrangement of rigid

tubing and piezometres, say 10 or 12 feet in length, by

means of an elastic compression bag, it is noticed that the

fluid issues from the other end in jets, each jet corresponding

to a contraction of the bag when pressure is made on it.

The following laws may also be illustrated :

—
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(1) The pressure is constant in. all the points of a trans-

verse section of the tube.

(2) The pressure diminishes regularly in the direction of

the current.

,(3) The pressure is increased by any obstacle placed in front

of the flow of fluid—such as («) elongation of the

tube ; and (h) diminution of its calibre. The pressure

increases as the square of the rapidity. Thus, if the

rapidity be 1, 2, 3, 4, the pressure will be 1, 4, 9, 16,

cfec.

.(4-) The mean rapidity is equal in all parts of the tube,

and it varies : (a) with the calibre of the tube

—-it increases as the calibre becomes greater: (6)

witli the length of the tube—the shorter the tube, the

greater the rapidity; (c) with the ^;ress?<r6— the

rapidity increases as the square root of the pressure

;

(d) with the nature of the fluid—viscous fluids mov-

ing more slowly than limpid fluids ; and (e) with the

temperatm'e of the fluid—increasing as the temperature

rises with a given fluid.

'(5) The volumes of the fluids discharged are proportional

to the squares of the diameters of the discharging

tubes.

2. Elastic Tubes.—When a stream of water is transmitted

through a long elastic tube, formed, say, of india-rubber, the

jluid does not issue from the other end in a series of jets but

it flows continuously. If a finger be placed on any part of the

tube, and more especially near the force-pump, an expansion

^nd relaxation of the tube will be felt with each stroke.

Purther, if the right fore-finger be placed over the tube near

the force-pump, and the left fore-finger on a more distant

portion, a stronger impulse will be felt with the right than

with the left. There is thus the transmission of a wave
Y
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along the tube, the wave diminishing in amplitude as the

distance from the force-pump increases. The progress of

this wave may be traced graphically by an apparatus devised

by Marey, which is shown in Fig. 80.

Fig. 80.—Section of apparatus for transmitting the movement of an
elastic tube to a recording- tambour {Marey) : a, tambour, placed in a
wooden box e e, having- the membranous surface adjusted over the tube
h; c, tube passinjic from tambour and attached to the registering tambour
by the india-rubber tuTie d.

It consists of a rectangular wooden box, open at both ends,.

having in its interior a tambour which is carefully adjusted

over the elastic tube. The slightest expansion of the tube

acts on the tambour and is conveyed by the tube in connec-

tion with it to the registering tambour. By j)lacing a series^

of these box-tambours at regular intervals along an elastio

tube, shut at one end, and connecting each with a registering

tambour, as seen in Fig. 81, the various phenomena con-

nected with the transmission of the wave may be recorded

with precision.

The exiDcriment is conducted as follows : After adjusting^

all the tambours and the chronograph so that they can be

brought into contact with the cylinder when it has attained

its maximum velocity, a sudden impidse is given to the force-

pump c, so as to send a wave through the elastic tube, and at

the same moment, the registering tambour and the chrono-

graph are brought into contact with the cylinder. The

tambour 1 acts first, then 2, 3, and so on, each inscribing

its curve on the cylinder, and time is registered by the
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clironograph. The result is what is seen in Fig. 82, copied

from Marey.

This tracing enables us to study (1) the rapidity of the

propagation of the wave
; (2) the movement of the reflected

wave
j (3) the changes in height of the wave at different

Fig. si.—Arrangement of apparatus in the experiment for registerinfr

the movement of a wave along an elastic tube : a b, long elastic tube of
india-rubber, passing from the vessel d under the tambours 1, 2, 3, 4, 5,

and 6, to the vessel e. Force-pump seen at c. Each receiving tambour
is connected with a registering tambour and all are adjusted to the
cylinder as at y;/ is the chronograph, worked by the current from the
batter^' i, interrupted by the tuning fork h. The small arrows >
indicate the direction of the impulse from the receiving to the register-

ing tambour.

parts of its course
; (4) the successive changes of form of the

wave ; and (5) the formation of secondary waves from a

single impulse. The rapiditi/ of the wave may be ascer-

tained by measuring the time which ensues between the

instant of its appearance under the first tambour, and the

moment it appears under the second. Thus if we draw
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a line from the summit of each wave (see Fig. 82) down to

tjie chronographic tracing, the rapidity may be measured

Fig. 82.— Tracings of the movements of a wave in a shut elastic tube.
The length of the" horizontal dotted lines I. to VI., represent time,
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as registered by the chronograph = 50 vibrations per second. Tlie

tambours were placed at distances of 20 centimetres along the elastic

tube, so that from I. to II., from II. to III., from III. to IV., from IV.

to v., and from V. to VI., the distance is 20 centimetres. The letters

a, b, c, a', in the six superposed tracings, mark each the summit of the
same wave, and thus its progress may be followed. Thus la, 2a, Ba,

4a, 5a, and 6a, indicate the progress of the wave a, and the arrows
indicate the direction in which it is propagated. "When the positive

wave reaches the shut end of the tube, it is reflected, and the course of

the reflected wave is indicated by the letters a' 6, a' 5, a' 4, a' 3, a' 2,

and a'l. The secondary waves are indicated by the letters b, c, d ;

thus b is the second wave, c the third, d the foui'th. It will be observed
that these waves are much less marked; & does not pass beyond the
third tambour, that is to say, after it has traversed a distance of

40 centimetres ; while c does not pass bej'ond 20 centimetres.

with ease, and it will be found that the wave travels 20

centimetres in the J^- of a second—that is, a velocity of

about 10 metres per second. The chief point to notice

with regard to the reflected wave is that it almost blends

with the advancing wave near the shut end of the tube (see

line YI., 6 a and a , in Fig. 82), and that it is further

and further distant from the advancing wave as we pass in

the direction of the force-pump. It will also be seen, on

studying the tracing, that the wave has tvv^o maxima, as

regards amplitude, one at each end of the tube, and that the

minimum is in the middle of the tube. After an exhanstive

research conducted in this manner by Marey, he arrives at

the following amongst other conclusions, all of wdiich have

an important bearing on the hydraulics of the circulation

and on a correct theory of the phenomenon of the pulse :

^

1. When a fluid enters intermittently and with rapidity

an elastic conduit, it forms a series of 2J0sitive waves

which are transmitted with a velocity independent of

tlie movement of translation of the fluid.

2. The rcqndity of the transmission of a v^ave is propor-

tional to the elastic force of the tube ; it varies in

the inverse ratio with the density of the fluid em-

^For details, see Marey's paper—Movement des Ondes Liquides

in Physiologie Experimentale, 1875, p. 87.
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ployed ; it diminislies gradually in the progress of

the wave ; and it increases with the rapidity of the

impulsion of the fluid.

3. The amplitude of the wave is proportional to the

quantity of fluid which enters the tube, and to the

suddenness of its entrance ; it diminishes gradually

during the course of the wave.

4. When the afflux of fluid in the tube is short and ener-

getic, it may also form, with a single impulse, a

series of secondary waves, according to the laws of

vibratory movement.

5. When fluid enters the tube in great quantity, and

for a sufficiently long time, its prolonged afflux is

opposed by a retrograde oscillation which gives origin

to secondary waves.

G. When fluid is propelled into two branched tubes, of

similar calibres and thicknesses of walls, a very

complicated mixture of waves passes from the one

tube into the other. But, in the conditions of the

circulation of the blood, the aorta does not jDcrmit

the passage of waves from one artery into another.

The aorta has its proper waves, which it transmits

into all the arteries to be there transformed, more or

less ; but, on the other hand, the aorta acts as an

elastic reservoir for all waves passing backwards

from the arteries, absorbing them completely, so

that the waves of each artery are peculiar to itself

and are never transmitted into any other artery or

arteries.

7. When a fluid is intermittently propelled through two

tubes of equal lengtlis, the one rigid and the other

elastic, more fluid will be discharged by the elastic

than by the rigid tube.
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b. Arterial Circulation.

1

.

General Considerations.—The arterial walls are at the

same time muscular and elastic—the muscular coat, as

a,lready stated, predominating in the smaller, whilst the

elastic coat is strong in the greater arteries. The chief

action of the elasticity of the greater vessels is to transmute,

in accordance with the principles already stated, the inter-

mittent action of the ventricle into a continuous current.

Thus, when the ventricle contracts, it propels a certain

amount of blood into the elastic aorta which slightly ex-

pands in all directions. On the commencement of the

diastole of the ventricle, the vis-a-tergo is removed, the semi-

lunar valves are closed, and the aorta recoils by its elasticity

so as to force part of its contents into the vessels farther

onwards. These in turn, as they already contained a cer-

tain quantity of blood, expand, recover by an elastic recoil,

and transmit the movement with diminished intensity.

Thus, a series of movements, consisting of expansions and

contractions, gradually diminishing in amplitude, pass along

the arterial system, from the greater to the smaller vessels,

the latter becoming less and less elastic. These expansions

and relaxations of the artery constitute the ^9z«/s6. The

undulations which we term the pulse represent merely

transmission of movement—a transmission which must not

be confounded with the progression of the blood, as a fluid.

The undulations of the pulse travel with a rapidity of 9

metres per second, about 30 times faster than the rapidity of

the movement of the blood, which, in the carotid artery of

the horse, has been estimated to be 300 millimetres per

second.

2. The Pulse.—The movements of the arteries, termed

the pulse, are now registered graphically by means of instru-
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inents, called sphygmographs, of which, the best is that of

Marey, seen in Fig. 83.^

Fig. 83.~Marey's Sphygmograph in position. «, framework bound,
to the arm ; b, screw for adjusting pressure to the vessel ; c, lever,

"Waiting on smoked paper d.

It consists essentially of a long lever, which is moved near

the fulcrum by a screw acting on a small horizontal wheel.

The point of the screw rests on a flat disk of steel or ivory

Fig. 84.—Transmitting portion of Marey's sphygmograph. l, ivory
plate applied to the artery ; a, steel spring ; d, fine screw working on
the wheel c, on the axle of which the end of the lever is fixed. The
arrows represent the direction of the movements of the end of the
lever, and it will be seen at a glance that this arrangement increases
greatly the amplitude of the movements over the pulse.

^ An excellent form of sphygmograph for transmitting movement
by means of Marey's tambours has recently been invented by Mr.

W. J. Fleming of Glasgow. It also has the advantage of graduating

with accuracy, by weights, the pressure on the pulse.
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which rests on the pulse. The lever inscribes the move-

ments on a blackened surface, carried along by clock-work.

The transmitting portion of tlie apparatus is represented

in Fig. 84.

As already mentioned, the pulse is caused by movements of

the arterial wall. In the arteries close to the heart, these

movements are isochronous with the ventricular systole

;

but as we recede from the heart, the pulse becomes later

and later in time. Thus Czermak estimated the delay as-

foUows :

—

Seconds.

Carotid, after the cardiac pulsation, 0*087

Radial, „ ,, 0-159

Posterior Tibial, ,,
0'193

The following changes take place in an artery when it

pulsates: (1) It dilates and at the same time lengthens

to a very small extent
; (2) the pressure of the blood

increases in the artery, and this increase is indicated by the

feeling of hardness and resistance which is experienced

when the artery is compressed with the finger. The general

characters of the pulse are seen in the tracings obtained

with the sphygmograph.

3. Analysis of a Sijliygmograiiliic Tracing.—The ascending

line a h, in Fig. 85, corre-

sponds to the distension of

the artery, and the descend-

ing line, hod, to its contrac-

tion; the length of the line

a d represents the total dura-

tion of the movement, which

is divided into two portions t7 or: -n- t ^ x.J- Fig. So . - Diagram oi a bimygmo-
by the perpendicular line h e.

graphic Tracing.

The distance a 6, then, measures the duration of the

time of the relaxation of the artery, and e d the time
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of its contraction. When a continuous tracing is ob-

tained, as in Fig. 86, it is seen that the durations of

the individual pulsations are equal, and that this dura-

tion is in the inverse ratio to the number of pulsations

. Fig. 86. —Normal tracing from radial artery.

in a unit of time. In a normal pulse, the dilatation

a,nd relaxation of the vessel succeed each other vsdthout

interruption, so that there is no period of repose of the

artery. AVhen, however, the pressure of blood in the ar-

tery falls below a certain point, these characters disappear.

On examining Fig. 85, it will also be observed that the

•duration of the relaxation of the artery is only about one-

third of that of its contraction. The rapidity and the slowness

of the pulse depend on the ratio of the durations of each of

these periods. The pulse is quick when the duration of the

arterial relaxation diminishes, and slow when this duration

increases. As the line a h (Fig. 85) becomes less oblique and

more nearly vertical, it indicates that the relaxation is short,

quick, and nearly instantaneous. The line h c d i& always

more oblique than a h, and it usually presents a second

elevation, cZ, which is more or less pronounced in different

states of the pulse. Various forms of i)ulse-tracings are

.shown in Figs. 87, 88, and 89.

When a pulse communicates a double impulse or beat to

the finger, it is called dicrotic. Such is often met with in

the exhaustive stages of typhoid fever and after severe

lisemorrhage. Much controversy has arisen as to the exact

meaning of the secondary waves seen sometimes in the

•descendiug portion of a sphygmographic tracing, and as to

the explanation of dicrotisra. By some it has been supposed



DICROTISM. 847

that the second summit (c in Fig. 85) is due to a second

impulse given to the blood in the vessel by the sudden

closure of the semi-lunar valves at the opening of the aorta,

and to an elastic recoil of the walls of the aorta. But such

a summit may be seen in a pulse-tracing taken in a case

• !!*• ? \ ^°"^° ^^'"" ^"^^^^^ artery of a healthy man. The elevation
111 the descend I uj: portion of the curve is scarcely observable, indicating-
a state of lugh arterial tension.

°

¥m. 83.—Tracing from radial artery, showing great irregularity in
the descending curve, indicating by these second curves, and by the
great amplitude of the principal curve, a state of low arterial tension.

Fig. 89.—cZ, trasing of a pulse showmg a smaller wave succeeding
each larger wave, so that a double beat could be felt by the finger; e, a
similar tracing, obtained in a case of typhoid fever, showing the inter-
mediate wave still larger. Both of these tracings indicate low arterial

pressure. (Foster.)

where the aortic valves are so disaassd as to be incapable of

closing; and, as was pointed out by David C. MacYail,

dicrotism may even be obtained by an elastic india-rubber

tube without the existence of any valves. Nor can it, in

the author's opinion, be due to any rebound of the blood

from the minute arterioles and capillaries, as was once urged
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by Marej, as it is best marked when these are so dilated as

to permit the rapid efflux of blood from them into the veins.

The only remaining causes are (1) from some kind of

mechanical action of the registering lever, or (2) from a

periodic movement of the wall of the vessel itself. Although

no doubt the form of the curve may be partially due to the

inertia of the lever and of the spring, still the fact that it

varies, within wide limits, with states of the circulation, would

point to the periodic movement of the wall of the vessel as

being the efficient cause. If, for example, the vessel be so full

as to approach complete distension (high tension), and if more

blood be then forced into it, the wall of the vessel will yield

a little more, the pulse will be firm and hard, and the tracing

obtained will be similar to Fig. 87. On the other hand, if

the vessels be only partially full (low tension), it is evident

that when more blood is propelled into it, distension will

take place to a considerable extent, and there will be an

oscillation of the wall of the vessel at that point. In these

circumstances, the pulse will be soft and compressible, and

the pulse-tracing will resemble Figs. 88 or 896? or 89e.^ The

three factors producing an arterial pulsation are : (1) the

more or less energetic contraction of the ventricle
; (2) the

quantity and pressure or tension of the blood ; and (3) the

elastic and contractile properties of the arterial wall. If we

modify any of these factors, there will be a corresponding-

modification in the j)hysical characters of the pulse.

4. Contractility of Arteries.—Involuntary contractile fibre,

as has been already stated, exists to a considerable amount

in the walls of the smaller arteries, and the calibre of the

1 In the author's opinion, the question of the cause of dicrotism.

will not be settled until tracings are obtained with a recording

apparatus in which the inertia is reduced to a minimum, and in

which there is no friction. This he is attempting to do by the use

of Sir William Thomson's siphon recorder.
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vessels may be cliangecl by the activity of the contractile

coat. The contractility of vessels may appear under two

forms: (1) rhythmical contractions, such as have been

observed in the vessels in a rabbit's ear, or in a bat's wing,

which are independent both of the pulse and of respiratory

movements ; and (2) persistent contractions, under the influ-

ence of the nervous system, which play an important part in

the distribution of blood. The amount of contraction of an

artery will affect the pressure of the blood in its interior, it

will accelerate or retard the rapidity of the blood current,

and it will regulate the supply of blood to the capillary area

to which the vessel is distributed. By such arrangements,

also, the distribution of blood to various organs is regulated,

thus establishing what has been termed a holance of local

circulations. For example, if the vessels in one organ remain

permanently contracted whilst those in a neighbouring

organ are dilated, more blood will pass to the latter than to

the former, and thus some end of physiological importance

may be served. Thus phj^siological correlations may be

established between the cerebral and thyroid circulations,

the gastro-hepatic and the splenic circulations, and the dis-

tribution of blood in the lower extremities as related to the

abdominal organs. The nervous arrangements which govern

the vessels will be described after studying the phenomena

of the circulation in the capillaries and in the veins.

c. Capillary Circulation.

The circulation in the capillaries may be readily studied

by placing under the microscope any transparent membrane

containing vessels, such as the web of a frog's foot, the mesen-

tery of a frog, the lung of a toad, the tail of a fish, the wing

of a bat, &c., &c. When seen under favourable conditions,

the following phenomena may be noticed :

—
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1. In the smaller arterioles and veinnles and in tLe

capillaries, the current is continnons, and there is no pulse.

By the elasticity of the larger vessels, the intermittent move-

ment of the blood, caused by each ventricular contraction,

has been transformed into a continuous flow.

2. In some of the larger vessels, the current is more rapid

than in otliers of equal calibre, that is to say, the current is

more rapid in small arteries than in small veins.

3. In the iiltimate capillaries (which may be recognized

by their diameter being about that of a single blood cor-

puscle) tlie current appears to have a uniform velocity in all

capillaries of the same size.

4. Sometimes a slight acceleration of the rapidity, even in

the smallest vessels, may be observed to follow each cardiac

beat.

5. In a vessel larger than an ultimate capillary, so large as

to permit the passage of several coloured corpuscles abreast, the

coloured corpuscles may be seen travelling with great apparent

velocity in the centre of the stream, whilst the colourless

corpuscles move more slowly next the walls of the tube. It

will also be observed that the coloured corpuscles remain

separate from each ether, and do not exhibit any tendency to

adhere together, or to stick to the walls of the vessels,

whereas the colourless corpuscles do both, more especially

after the membrane has been exposed for some time to the

air, so as to excite the early stages of inflammation.

6. If the calibre of an ultimate capillary be marked at

the beginning of the observation, and again sometime after-

wards, it will frequently be noticed that it has become

narrower or wider, indicating that contractility is one of the

physiological characteristics of capillary bloodvessels The

causes which produce the change of calibre are not knov/n,

and at present are only guessed at.

It is important to note also that the arrangement of the
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capillaries in an organ or tissue is adapted to tlie functional

activity of that organ or tissue. Where there is great func-

tional activity, there is a rich plexus of capillaries, and the-

converse also is true. Contrast, for example, the capillary

supply in cartilage with that of muscle, or the grey matter

of the nerve centres with that of the white matter. But, in

addition, the distribution of capillaries always corresponds to-

the ultimate structural arrangements of the tissue or organ.

So precisely is this the case, that a good histologist is able to

identify the organ from an injected preparation shovv^ing the-

vessels, although none of the ultimate histological elements

of the organ or tissue are to be seen. In muscle, for

example, the capillaries exist in the form of elongated

meshes; in connective tissue, such as is found beneath the

skin, in an irregular network ; and in the cortical part of

the kidney, where the tubes are convoluted, we find an

iiregular j^lexus; whilst in the medullary part, where the

tubular arrangement is linear, we have a linear arrangement

of vessels.

The movement in the capillaries is due to the force of the

heart, as modified by the elasticity of the vessels (vis a tergo) .

Some have tried to show that it is largely supplemented by

an attractive influence exerted by the tissues (vis a fronte),.

and the statement is supported by the fact that wherever we

find an increased demand for blood, we have an increase in

the amount of blood flowing to that part, such as occurs, for

example, in the mammary gland during lactation, and in the

growth of horn. Such an attractive influence on the part of

the tissues is quite conceivable as a force assisting in the

onward flow of blood ; but its amount is immeasureable by

any known means, and it is almost infinitesimally small in

relation to the amount of blood moved, in compaiison v/itk

tlie force exerted bv the heart.
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d. Venous Circulation.

The walls of the veins are thinner, less elastic, and more

distensible than the walls of the arteries. They contain

both elastic and contractile tissue, though to a smaller

extent than the arteries. Rhytlimic contractions have been

observed in the splenic and mesenteric veins, and in the

mouths of the vence cavte ; but there does not appear to be

any evidence to show that a condition of permanent contrac-

tion of veins takes place.

The circulation in the veins, as in the rest of the vascular

system, depends upon (1) inequality of blood pressure;

(2) on muscular action compressing the veins, and thus,

in consequence of the valves found in many veins opening

towards the heart, so acting on the blood as to force it

onwards in the direction of that organ
; (3) on the move-

ments of respiration ; and (4) the suction action of the right,

and, in the case of the lungs, that of the left, auricle of .the

heart. All of these must have an influence on the onward

flow of the blood in the veins, but the exact and relative

eflect of each has not been precisely determined.

The flow of blood in veins is continuous, so that, when a

vein is cut, it does not spurt as happens in an artery, but it

^' wells " out in a stream. There is, normally, no pulse in a

vein. Sometimes, however, a pulse may be observed in the

veins of the neck, isochronous with the auricular systole,

when there is an obstruction to the passage of blood from

the auricles to the ventricles. A pulse in the veins is also

possible when there is such rigidity from pathological

changes in the walls of the greater vessels as to destroy the

elastic influence of these parts, and, at the same time, such a

degi'ee of dilatation of the arterioles and capillaries, as to

admit of the onward propidsion of the movement caused by

the heart's contraction.
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e. The Pressure of the Blood in the Vessels.

As the blood is circulating through vessels, under the

influence of the action of the heart, it exerts a certain pres-

sure or tension, the existence of

which is shown by the jet of

blood which is thrown out on

puncturing an artery, and the

.amount of which is indicated by

-the height to which the jet is

propelled. The first attempt to

measure the pressure in the ves-

,sels of the living body was made

in 1744, by Stephen Hales, who

connected a long vertical tube, |||6o
j^

provided with a stopcock, a,s seen

in Fig. 90, with the crural artery

of a horse, turned the stopcock

{or untied a ligature, which has

practically the same effect), so as

to admit the blood of the animal

into the vertical tube, and ob-

served the hei2:ht of the column

^^i

Fig. 90.- To tlie left, the tuhe
used by Hales, which may be gra-
duated to the most convenient
standard, such as fractions of an

^ inch, or miUimetres. To the right,

n -, -, -, iTi •n.« 1
Wie bent tube of Poiseuille: a,

Ot blood and the oscillations to connected with vessel, communi-
cating pressure to mercury in bent
tube, b, g, L-, c, d, h, &c. The two
limbs carry a graduated scale.

which it is subjected with each

beat of the heart. A diagram-

matic view of the tube used by Hales is shown in Fig. 90

{the left-hand figure).

It is evident that by such an arrangement the pressure

-exerted on the vessels might be measured by the height of

the column of blood, and that the variations in pressure

would be indicated by the oscillations of the column. It

was not until 1828, that Poiseuille bent the tube into the

form of the letter U, and placed in the bend some mercury,
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wliicli was at tlie same time more mobile and miicli heavieiv

per A^oliime, than blood. This arrangement, seen in Fig. 90^

Fig. 91.—^Mercurial Kyraographion for recording: mean blood pres-
sure and its larg-er variations, a, band of paper rolling oflf, in the
direction of the arrow, from the cylinder Z/; eee, U-tube containing-
mercury, bearing- on the surface of the mercury in one limb a float, to
which is connected the marker d, inscribintif the curve seen on the
paper; /, tube for connection with a bottle of carbonate of soda, ele-

vated above the apparatus so as to exert sufficient pressure to prevent
the blood from entering-, except to a very slight extent, the canula
inserted into a vessel, say the carotid, and communicating with the
tube hg. Carbonate of soda solution is used as the medium for con-
necting the blood with the mercury, because it prevents to a consider-

able extent the risk of the blood coagulating in the tube. {Burdoit-
Sanderson.)

constituted the Ilmmadynamometre of Poiseuille. By
attaching to each column of mercury a graduated scale, and
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connecting one limb of tlie tube (the shorter) with the vessel^

arterial pressure was thus communicated to the mercury, the

amount of which was indicated by a depression of the metal

in k and an elevation in h. The next great improvement

in the apparatus was made by Ludwig,^ who made arrange-

ments for communicatino- to a movino; surface the oscilla-

tions of the column of mercurv. This he accomplished by

placing on the surface of the mercury in the longer limb a

little float, carrying a marker, which recorded, on a moving

surface, any oscillations of the mercury. Such an apparatus

is termed a Kymograjohion, a simple form of which is seen

in Fig. 91.2

The apparatus of Ludwig, from the inertia of the mass of

mercur}', can only register mean blood pressure, and the

more delicate variations escape notice. Fick has attempted

to register these smaller fluctuations by means of a kymo-

graph, a simple form of which is seen in Fig. 92, consisting

of a hollow spring, filled wdth distilled v»^ater, one end of

^ The notion of communicating variations in pressure to a moving-

surface is generally supposed to have originated with James Watt,

who contrived, by this method, to record the movements of a

pressure gauge attached to a steam-engine. But it must be remem-

bered that recording apparatus on this principle were constructed

for meteorological purposes by Ons-en-Bray, in 1734; by Changeux,

in 1785; and by Eutherford, in 1794.

- Full details as to the mode of using this instrument are given by

Burdon-Sanderson in the Handbook for the Physiological Laboratory,

p. 209. As there pointed out, what is recorded is not the actual

movement of the artery, but the oscillations of the mercurial

column, so that the curve is not that of the wall of the artery but

of the manometer. It is also evident that if the column of mercury

perform wide excursions, small variations, produced say by very

rapid beats of the pulse, will be unnoticed. Still, although the

instrument does not give absolute, but only relative, variations in

pressure, it has been of great service in physiological research, more

especially as relating to the influence of the nervous system on the

vessels and the effect of drugs.
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it being connected with the vessel, and the other, bearing a

lever arrangement for inscribing the oscillations of the

spring on the moving surface.

An improved form of the apparatus is used in the

pliysiological laboratory of the University of Glasgow, and

Fig. 92.—Fick's kymograph, of .1 simple but incomplete form, a,
hollow spring, connected by b with lead tube, ending in T-shaped
tube g, which is introduced into the vessel; the other end of the spring
a is connected by with the lever d e, which inscribes the oscillations
of the spring on the cylinder /.

is shown in Fig. 93. It has the advantage of facility of

adjustment and of recording with accuracy a single oscilla-

tion of the spring, which cannot be readily done with the
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apparatus shown in Fig. 92, in consequence of successive

oscillations occurring after the first impulse.

Fig. 93.—Improved fovm of Fick's kymograph, a, hollow spring,
bearing lever arrangement hdc, to which is attached the marker e;

the rod c passes downwards into the tube/, containing glycerine, so as
to offer a certain resistance to the oscillations of c; g, syringe for filling

the tube h with carbonate of soda, and to exert a certain pressure so as
to prevent the blood from passing into the tube h at i, the canula
inserted into the vessel; I, abscissa marker, which can be applied to
the moving surface by turning the screw m; k, screw for adjusting the
whole apparatus to the moving surface ; o, screw for elevating or
depressing the kymograph; n, screw for adjusting the position of the
tube /.
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An exam] le of a tracing obtained by Ludwig's kymo-

graphion is shown in Fig. 94. ^

carotid oi a dog. (J/are//.)

1 In the Physiological Laboratory of the University of Glasgow,

there is a very complete form of kymograph, made by Hudolph
Rothe of Prague, from designs furnished by Professor Hering of that

•city. It leaves nothing to he desired in the way of mechanical ar-

rangements, and it reduces to a minimum the labour of recording blood

pressure. An example of a small portion of a tracing is here given.

Fig. 95. — Tracings obtained with the large kymograph of Eudolph
Rothe. a, signal of seconds made by a clock interrupting the current
in an electro-magnetic recording apparatus, showing, for facility in

counting, every fifth second by a higher curve than the others ; & and
c, lines drawn b3^ markers in connection with electro-magnetic signal-

ling apparatus ijy which the moment of stimulating a nerve, or of the
occurrence of any other phenomenon may be recorded; d, abscissa

line ; e, oscillations of the manometer.
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From Fig. 94, it will be observed that there is (1) an

increase and diminution of blood pressure with each cardiac

beat, as seen in the smaller curves ; and (2) an increase and

diminution produced by respiratory movements, the increase

occurring during inspiration, and the decrease during expira-

tion, as indicated by the larger waves. It is evident also

that all the lesser curves have the same general character,

and that they show nothing as regards an}'- variation in

pressure during individual beats. To show such slight

variations, the kymograph of Fick must be used, when such

Si, tracing as the following may be obtained.

Fig. 95n[.—Traces obtained from the dog with Pick's kymograph, by
Burdon Sanderson.

Finally, to estimate pressure, Marey has used either the

•cardiograph (Fig. 61, p. 312), or pressure-bag introduced into

the cavities of the heart, and he states that his method may
•detect variations which would escape notice by the others.

By such'methods of research, the following conclusions have

been arrived at as regards arterial pressure—(1) the pressure

diminishes from the heart to the capillaries; (2) it attains its

laaximum in the ventricle at the moment of systole, and its

minimum in the auricle at the moment of diastole, at which

time also the pressure in the auricles and in the great veins

may be negative, that is, below atmospheric pressure; (3) in

the carotid of the rabbit, it amounts to from 5 to 9 centimetres

of mercury, in the dog from 10 to 15, in the horse from 20

to 32, and in man it has been estimated as being about 15

-centimetres of mercury
; (4) the arterial pressure at any

given point undergoes periodic variations—increasing at the
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instant of ventricular systole, and diminishing during diastole

—variations which are most marked in arteries near the

heart
; (5) these periodic variations may be observed in the

intermittent jetting of an artery when it is punctured
; (6)

Ave must distinguish between the mean arterial pressure at-

any point of an artery, and the mean pressure of the blood

ill the whole arterial system—which can only be obtained by

taking the mean of the pressures in many dijfferent arteries

at unequal distances from the heart
; (7) the mean arterial

pressure depends directly on the quantity of blood in the

arterial system, and consequently on the total calibre of the

system, so that any diminution of calibre, produced mechani-

cally, or by nervous influences, will increase the mean arterial

pressure ; and (8) the mean arterial pressure increases with

the energy of the beats of the heart.

As regards venous i^ressure, it has been ascertained (1)

that in the veins near the heart the pressure is only ^^ih. to

J-jth of that of the corresponding arteries
; (2) during auri-

cular diastole, the pressure in the veins may become negative;

(3) there are no periodic variations of pressure in the veins

as in the arteries, except in the great venous trunks in the

neck and near the heart, where there is a diminution of

pressure during auricular diastole and an increase during

auricular systole ; and (4) great activity of the heart dimi-

nishes venous, whilst it increases arterial, pressure. Capil-

lary pressure has not, for obvious reasons, been directly

measured, but we may regard it as being intermediate

between the pressure in the smaller arteries and the pres-

sure in the smaller veins. The pressure in the capillaries

exercises an important influence on the transudation of

liquor sanguinis, and consequently on the interchanges

between the tissues and the blood.

Attempts have also been made to measure the pressure in

the cavities of the heart. Chauveau and Marey (see Fig,
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67, p. 317) found it to be in the lioj-se 128 millimetres in the

left ventricle, 25 in the right ventricle, and 2 '5 millimetres

in the right auricle. Ludwig

has stated the pressure in the

pulmonary artery as 10 to 30

millimetres. The general facts

regarding pressure may be im-

pressed on the understanding by

the diagram in Fig. 96.

f. Velocity of the Circulation.

Various attempts have been

made by Yolkmann, Yierordt,

Ludwig and Dogiel, Hering, and

Chauveau and Lortet, to measure

the velocity of the circulation, and

special instruments have been in-

A^ented for the purpose. Of these,

the one open to fewest objections,

and most likely to obtain an ap-

proximately accurate result is the

Hcemadromogrcvph of Chauveau

and Marey, one form of which is shown in Fig. 97.

It consists of a copper tube a, about eight centimetres in

length, which is introduced into the vessel ; in the middle of

the wall of this tube, there is a slit closed by an india-rubber

membrane, which is traversed, as seen in 1 a, by a light ivory

needle, one end of which floats in the fluid passing through

the copper tube, whilst the other inscribes the movements on

the paper h, moved by the clock-work g ; the blood-current,

passing through the tube a, moves the needle, and the move-

ment is registered on the paper. From a there also

passes a tube, c, communicating with a sphygmoscope of

Marey, h. The sphygmoscope consists of a small glass

Fig. 9o.—Diagram showing the
pressure in the vascular system.
{Becninis)—1 , ventricle ; 2, arter-
ies ; 3, capillaries ; 4, veins ; and
5, auricle. From A to C, the line

of pressure in the great arteries
;

from C to D, in the small arteries

;

from D to E, in the capillaries ;

and from E to B, in the veins.
The dotted lines a C and a' C in-

dicate the pi-essure during ven-
tricular systole (oC) ar.d during
diastole {a' C). Beyond C, the
blood pressure is uniform imtil
the auricle B 5.
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cylinder, h, in the interior of which is a small elongated

india-rubber bag commnnicating with the tube c. The sphyg-

moscope transmits its movements by the india-rubber tube

d to a registeiing tambour, e, the lever of which, /, writes

Fig. 97—Hajmadromograpli of Chauveau and Lortet.l For descrip-
tion see text.

-the variations of pressure in the tube a, alongside of the

-curve representing velocity. A view of the registering

tambour is seen at 2 e. Suppose the tube a fixed in the

carotid artery of a horse, controlled by a ligature placed

above and below the apparatus. On removing the ligatures,

the blood flows onwards, moves the needle in the direction

of the current, and this movement, assisted by the elasticity

of the india-rubber membrane through which the needle

passes, is registered on the pajoer. The curves obtained are

shown in Fisf. 98.

^ A still more convenient form of the apparatus, as is used in

Glasgow, is now made by M. Breguet, of Paris. It must be con-

fessed that this apparatus really registers the velocity, as indicated

by pressure, in a very small portion of the tube only. Ludwig has

invented an instrument of a different kind, the Stromuhr, but it

.also is not free from objection.
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Fig. 98.—Tracings of variations of rapidity and of pressure of blood
in tlie carotid of a liorse, obtained by Cbauveaii and Lortet. The line

c represents the curve of the rapidity of the blood ; and p the curve
of arterial pressure. The figures and vertical lines represent corre-
sponding periods in the tracings.

The following figures give, in millimetres, per second, the

velocities of the blood in different parts of the vascular

apparatus.
Horse.

Carotid Artery, '?m

^Maxillary Artery, . 1 05

Metatarsal Artery, .
'^''^

Capillaries, . 0-5 to 0-8

Jugular Vein, 100?

Vena3 Cava3, 110?

rve the foliowin c^ points (1) the velocitv

hlood is in the inverse ratio with the total calibre of the

vessel—rapid in the aorta, it diminishes as we recede from

it
; (2) each systole is attended by an increase in the velocity,

as maybe seen in the tracings of Fig. 98; (3) in the smaller

arteries, capillaries and smaller veins, the velocity is constant

and uniform
; (4) the velocity increases in the venous

system as we approach the heart; and (5) in the large veins,

the movements of respiration, and probably also the suction.



364 SPECIAL PHYSIOLOGJ.

action of the auricle during diastole causes a rhytlimic in-

crease and diminution of the velocity.

It is important to distingidsh between the rapidity of the

blood current and the time occupied by a blood corpuscle in

making a complete circuit through the heart and vessels, say

from the left ventricle to the left ventricle again. Attempts

have been made to measure the time, starting from the

jugular vein. Thus, Hering has injected into a jugular vein

a few drops of ferrocyanide of potassium, and he has

examined the blood of the opposite jugular every five

seconds by testing with perchloride of iron—the formation

of Prussian blue indicating the moment when the ferro-

cyanide made its appearance in the blood of the jugular after

having made a tour of the circulation. Yierordt so modified

the method as to examine the blood received every half

second. The result obtained by these observers was that

from 16 to 23 seconds elapsed between the time the

K4re2Cyg was introduced into the right, and the moment it

made its appearance in the left, jugular. In the course of

these researches, Yieroidt made the remarkable discovery

that in most animals the rapidity of the circulation is equal

to the time in which the heart makes about 27 pulsations.

Consult the following table :

Weight Pulse beats Number of Pulsations
Name of Animal. of the body in per in the duration

grammes. minute. of the circulation.

Guinea Pig, 222 320 23-7

Cat, . 1312 240 26-8

Hedgehog, 911 189 23-8
1

Pvabbit, 1434 220 28-5
;

Dog, . 9200 96 26-7

Horse, 380,000 55 28-8

Fowl, . 1332 354 30-5
i

Buzzard, 693 282 31-6

Duck, 1324 163 28-9

Goose, 2822 144 26

!
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g. Changes in the Volume of Organs caused hy the

Circulation of the Blood.

It lias been satisfactorily proved by various observers, and

more especially by Frangois-Franck, that there is a slight

change of the volume of any

distensible organ with each

beat of the heart. The appar-

atus used by Franck is shown

in Fig. 99.

By means of this apparatus,

Franck has obtained numerous

tracings, of which the follow-

ing are a few examples—all

indicating variations in the

volume of the hand with each

cardiac beat, and with other

conditions.

These interesting observa-

tions show: (1) that the vol-

ume of an organ is not fixed,

but varies according to the

amount of blood contained in

it; (2) that its volume changes

witli each cardiac pulsation,

increasing when blood is forced

into it, and diminishing by the

emptying of the capillaries into

the veins ; and (3) that varia-

tions in the volume of one or

more organs, say by comjDression, or by the application of

cold, or by the internal administration of substances which
aflfect the calibre of bloodvessels, such as ergot, will cause

corresponding variations in the volume of other organs.

Fig. 99—Apparatus for showin;? clianges
of volume of the hand. The india-rubber
membrane through which the fore-arm
is passed is kept immobile by a metallic
plate, a ; a tube, blown into a bulb at h,

is connected with a registering tambour
by the tube c. The glass vessel is over-
filled with water, the hand is inserted,
and, to assist in giving steadiness, the
transverse bar is firmly grasped.
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They also appear to the author to have important clinical

indications, but into these the limits of this work forbid him

to enter.

Fie. 100.—The upper line shows cardiac tracings, and the lower line

shiows tracings from change of vohiine of the hand. The two tracings
were talcen sinmltaneously. The dotted vertical lines indicate con-e-

sponding times.

Fig. 101. Reduced tracing given by Frangois-Franck/showing change
of volume of tlie hand and suppression of the pulsations by compres-

sion of the brachial artery, at Ihe time indicated by h. Observe the

fall indicating diminution of volume and the absence of pulsations in

h, c, d ; soon after d, compression was removed, the curve mounted up
to a, and oscillations recommenced.

Fig. 102.-Eeduced tracing given by Frangois-Franck, showing the

effect of compression of the two femoi-al arteries on the volume of the

hand. On compressing at b, shortly after, at c, the volume of the

hand increased, as shown by the ascent of the curve towards e.
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Fig. 103.— Reduced tracing given by Francois-Franck, showing a dimi-
nution in the vohime of the hand by placing a lamp of ice on the skin

of the shoulder at the time indicated by d. Observe the falling of the
curve towards e f g, showing diminution of the volume of the hand.

]i. The Innervation of Bloodvessels.

In 1852, Claude Bernard made tlie remarkable discovery

that section of the sympathetic on one side of the neck was

followed by a dilatation of the yessels, and an increase of

temperature, on the same side; and that electrical stimulation

of the cephalic end of the nerve caused the vessels to con-

tract and the temperature to fall. In the sympathetic,

therefore, there are nerve-fibres which influence the contrac-

tile coats of the vessels. These fibres, usually called vaso-

inotor, originate in the medulla oblongata., in an area between

the upper limits of that organ and the lower border of the

corpora quadrigemina. In this area, consequently, there is

a vaso-motor centre, from whence emanate nervous influences

which tend to keep the smaller vessels in a more or less con-

tracted condition. If this centre be injured, as has been

done by Ludwig and Owsjannikow, the smaller blood

vessels throughout the body dilate, they receive more blood,,

and consequently the pressure in the larger vessels at once

falls. By connecting a kymograph with a large vessel, say

the carotid, observing for a time the mean blood j^ressure^.

and afterv/ards injuring the supposed vaso-motor centre,

Ludwig and his pupil at once observed an enormous fall of

blood pressure, to be explained by the paralysis of the smaller^
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and a consequent rapid emptying of tlie larger, vessels.

Having thus established the important fact of a vaso-motor

centre, which, in certain conditions, conld control the calibre

of the smaller vessels, and consequently govern the distribu-

tion of blood, it was evident that this centre might in turn

be arrested in its actions by inhibitory influences coming

from somewhere else. This has been found to be the case.

In 18f56, Cyon discovered in the rabbit a nerve originating

by two roots from the superior laiyngeal and from the

pneumogastric.V Stimulation of the distal end of this nerve

produces no effect, but stimulation of the cephalic end causes

at once a great fall of blood pressure in the arterial system,

and a diminution in the frequency of the pulse. Now, it

might be supposed, from what was stated at page 329, that

the diminution in the frequency of the pulse was due to

stimulation of the roots of the pneumogastric, but this is not

the case, as the same phenomena occur after division of that

nerve. Evidently, therefore, this nerve, known as the

Dejjvessor Nerve of Cyon and Ludwig, inhibits or restrains

the activity of the vaso-motor centre.

According to Stilling, the depressor nerve does not act on

the vaso-motor arrangements of the whole body, but only on

those of the abdomen and lower extremities. Thus, after

section of the splanchnics, which supply the vessels of the

abdominal viscera, it is asserted that excitation of the de-

pressor does not produce nearly the same diminution of

pressure in the carotid vessels. Still there is a diminution,

even after section of the splanchnics, a fact which appears

to indicate a more general inhibitory action than Stilling

allows. By this remarkable influence of the depressor, a

balance is kept up between the central and the peripheric cir-

culations. Imagine the heart to be pumping blood through the

^ In many animals this nerve is blended with the pneumogastric.
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vessels. If from some cause tlie smaller vessels become con-

stricted, so as to offer greater resistance to the passage of the

blood, the arterial pressure in the larger vessels is increased,

and the heart has more Avork to do to overcome this resist-

ance. If the resistance reached a certain amount, the heart

would be unable to overcome it, and it would soon cease to

beat. But by the influence of the depressor, this risk is

^Jrevented. At present we cannot describe the exact mecha-

nism, but it is undoubted that an influence may pass from

the heart along the fibres of the depressor to the vaso-motor

centre, the effect of which is to inhibit the activity of this

centre, and thus allow the smaller vessels to dilate. "When

this occurs either locally, as in the abdominal region, or

generall}', the result is a depletion of the larger vessels,

ii consequent fall of pressure in these, and therefore less

resistance to the efforts of the heart. Thus, it would appear

that in the lieart itself there is an arrangement by which, to

a certain extent, it governs its ' o^Y\\ work by automatic

mechanisms.

Much controversy has arisen amongst physiologists as to

the existence of a set of nerve filaments possessing the

propert}^ of causing a dilatation instead of a contraction of

the vessels. These have been termed by Schift vaso-dilatoi'

nerves. Claude Bernard found that excitation of the chorda

tympani (see p. 235) caused a relaxation of the vessels of the

sub-maxillary gland. Erection, as occurs in the penis, has

long been known to depend on dilatation of vessels and

consequent increased afflux of blood. Eckhard and others

have found that electrical stimula.tion of the nerves of the

sacral plexus may produce erection, and it has been assumed

that fibres in these nerves may, when stimulated, cause

dilatation. Such an action is quite incomprehensible from

Vv-liat is known of the minute anatomical structure of vessels.

These contain, as has been stated, layers of involuntary
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muscular fibres in the transverse and longitudinal directions^

and it is difficult to understand bow an)^ contraction of

fibres in either of these directions could possibly cause dila-

tation of the vessel. If the nerves supplying either of these

sets of fibres were stimulated, there must be contraction of

the fiiore, and no mechanical adjustment of such contractions

can cause dilatation of the vessel. It is much more probable

that a kind of inhibitory action takes palace. Gaugiia

abound in the coats of vessels. From these, fibres pass to-

and from the musculai- elements of the vessel, and these

may be regarded as local reflex centres. Such centres, hovv'-

e^^er, are under the influence of two sets of fibres : (1) those

which may be regarded as accelerating, corresponding to the

fibres in the sympathetic that reinforce tJie activity of

cardiac ganglia ; and (2) those which are inhibitor!/, as, like

tlie fibres in the pneumogastric distributed to the heart, they

may restrain the activity of the local ganglia. If such be

tlie arrangement, the observations of Eckhard and others-

may be explained without the necessity of assuming the

existence of vaso-dilator filaments, because, in their experi-

ments, they probably stimulated inhibitory filaments, by the

action of which the local centres were arrested, and conse-

quently there was dilatation of the vessels. There ajopears,

therefore, to be no satisfactory evidence in favour of the

view that there are vaso-dilators as well as vaso-motors.

This subject will be further discussed in treating of the

action of the sympathetic.

In reflecting on the i-elation between the vascular system,

more especially as regards the calibre of arteries, the activity

of the heart, and the influence of the nervous system, the

following summary, modified from the statement made by

Beaunis- will be found useful.
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(a) Contraction of arteries may ariiefrom—
(1) An excitation of vaso-motor centres; in this case, the

contraction is nmscukir and active, and Avill be

accompanied by an increase of blood pressure.

(2) A diminution of cardiac activity ; in this case, the

contraction is passive, ehistic, and is not followed by

any marked increase of blood pressure.

(b) Dilatation of arteries may arise from—
(1) A vaso-motor paralysis, either arising from strong irri-

tation of the vaso-motor centre, as by the influence

of poisons or in the course of some diseases (death

during acute rheumatism), or from indirect influence

of such nerves as the depressor or other sensory

nerves.

(2) An increase in cardiac activity. In both of these

cases (1 and 2) the dilatation is passive, and is accom-

panied, in the first case, by a diminution, and, in the

second, by an increase, of pressure.

Consult Harvey, Exercitatioues Auatomicse de Motu Cordis,

1628; Hales, Hasmostatics, 1744; Poiseuille, Eeclierches sur la

Force du Cceur aortique, 1828; Volkman, Die HEemoclynamik, 1850:

ViERORDT, Die Lehre vom Arterienpuls, 1855; Chauveau, Nouvelle

Eecherches experimentales sur les Mouvements et les Bruits nor-

maux du Cceur, Gazette Medicale de Paris, 1856; Marey, Physiologie

Medicale de la Circulation, 1863; also Du Mouvement dans les

Fonctions de la Vie, 1868; also Physiologie experimental e, 1876,

1877; L. LoRTET, Kecherches sur la Vitesse du Cours du Sang, 1867;

LuDwiG and Dogiel, Die Ausmessung der Stromenden Blutvolu-

mina, im Ludwig's Arbeiten, 1868; Laxdois, Die Lehre vom Arteri-

enpuls, 1872; Garrod, On the Sphygmograph, Journal of Anatomy
and Physiology, 1872; Burdon-Sanderson, On the Circulation of

the Blood, in Handbook for the Physiological Laboratory, p. 208;

Eutherford, Lectures in the "Lancet," 1871; Andrew Buchanan,
The Forces which carry on the Circulation of the Blood, 1874;
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Lauder Bruntox, Experimental Investigation on the Action of

Medicines, Part L, Circulation, 1875; Details as to Experimental

Methods, and drawings of apparatus, in Cyon's Methodik der

Physiologischen Experimente, 1876.

IV.—EESPIRATION.

It has already been pointed out that the presence of

oxygen is essential to the life of every tissue, and that one

of the products formed during vital activity is carbonic

acid, a gas which is inimical to life. Such is also true with

reference to the life even of humble organisms, as the

amseba and infusoria. Deprived of oxygen, or introduced

into a medium containing an excess of carbonic acid, they

die, so that it seems to be essential to their existence that

carbonic acid be removed and fresh oxygen be introduced.

In all grades of animal life, an interchange between the gases

of the organism and the gases of the medium in which it

lives is constantly taking place, and this interchange is

respiration. In a humble organism, small in bulk and

simple in structure, no complicated mechanism is necessary,

inasmuch as the body of the organism is either bathed

directly by the fluid in which it lives, or there are canals, as

in a sponge, passing through it in various directions, for the

conveyance of the fluid, so as to bring it into intimate

relation with the whole mass. When the organism increases

in size and in complexity, and when a nutrient fluid is

required to circulate through it, arrangements are produced,

by which gaseous interchanges take place between this fluid

and the surrounding medium. Thus, in the air-tubes which

are distributed through the bodies of insects, and in the

gills of fishes, the nutrient fluid or blood is brought into

close relation with the air, and interchanges take place

which constitute resph'ation. Still higher in the scale, we
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find, as in reptiles, sac-like organs diffei'entiatecl, communi-

cating with the air by means of a tube or tubes, and on the

walls of which the vessels containing the blood form a net-

work, and thus again we have facilities for gaseous inter-

changes between the gases of the blood and of the air in the

sacs. Such sacs are the simplest form of lungs. In higher

animals, the bag or lung becomes more and more compli-

cated until it forms a honeycomb structure, the cells of

which contain air. On the walls of these minute cells,

capillary vessels ramify, and thus there is an enormous

surface, having the blood of the organism on the one side,

and the air in the lung-cells on the other, through which

gases pass from the one medium to the other medium. On
taking a comparative view of the process throughout the

animal kingdom, it will also be observed that, in the simpler

arrangements, no mechanism is necessary for facilitating the

gaseous interchange. The amseba, for example, is sur-

rounded by a fluid containing gases in solution; in higher

forms, canals, along which air would pass by difiiision, seem

to be necessary; in still higher forms, as in the fish, by the

rhythmic movements of the gills, the water is permitted to

bathe the respiratory apparatus on all sides; still higher, as

in frogs, the air is forced into the air-bag by a process

resembling that of deglutition; and lastly, in the highest

forms, we find an automatic mechanism, involving many
periodic nervous and muscular movements, by which the

air is introduced into, and expelled from, the respiratory

organ.

It will thus be seen that the lower organisms respire

directly by changes between the body and the medium;

whereas, in the higher organisms, respiration may be re-

garded as a twofold process : (1) internal respiration, or the

interchanges between the gases of the blood and the tissues

;

and (2) external respiration, or the interchanges between the
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gases of the blood and the gases in the air-cells of the lung.

Even in the higher animals, however, interchanges may
take place in other regions than in the lungs. Thus, there

is a true cutaneous respiration in the skin, an intestinal

respiration in the bowel, and probably interchanges take

place in other organs.

a.-general anatomical arrange2ients.

1. Structure of the Lungs.

If we trace the trachea downwards, we find it dividing

into two bronchial tubes passing to the lungs. In the

substance of the lung, each tube divides and subdivides

into narrower tubes, which give oiF branches, and become

smaller and smaller until we reach the ultimate tubes,

which end in a group of air-cells. This kind of arrangement

is roughly represented in Figs. 104 and 105.

Fig. 104.—Diagram showing a,

trachea ; b, division of trachea
hito two broncJd; c, still smaller
bronchi; d, substance of the
lung.

Fig. 105.—Ultimate group of lobules
of the lung. 6, bronchial tube, divifl-

ing and subdividing; c, external view
of group of air-cells; d, internal Anew
of the same.

The trachea and bronchial tubes are lined by ciliated, but

the ultimate air-cells are lined hj squamous epithelium.
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2. Vascular Arrangements of the Lungs.

The lung lias two sets of afferent and two sets of efferent

bloodvessels. Tlie afferent vessels are the bronchial artery

and the pulmonary artery, the first carrying arterial blood

from the aorta for the nourishment of the tissue of the lung

and of the walls of its tubes and vessels, and the second

conveying venous blood from the right ventricle to the lungs.

The efferent vessels, on the other hand, are the bronchial

veins, carrying back blood fi'om the lung tissue, and the

pulmonary veins, returning to the left auriole the blood

which h.as been rendered arterial by its passage through the

capillaries covering the walls of the pulmonary air-cells.

The tissue of the lung is also richly supplied with lym-

phatics, and with nerves derived from the sympathetic and

from the pneumogastric.

B. JIECUANISM OF RESPIRATION.

1. General Cpiaracter of the Movements.

The respiratory movements consist of rhythmic changes of

volume of the thorax, produced partly by the contractions

and relaxations of certain muscles, and partly by the elas-

ticity of the structures involved. As the cavity of the

thorax, containing, and completely filled by, the lungs,

heart, and other organs, is an air-tight cavity, and as the

lungs are hollow and distensile organs lodged in this cavity,

and communicating Avith the external air by the bronchial

tubes and trachea, it is evident that any increase in volume

of the thoracic cavity must be followed by an expansion,

and any diminution in volume by a contraction, of the

lungs. This will be clearly understood by studying the
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following cliagTam of an apparatus devised by Funke, of

wliicli various forms may be used :

—

Fig. 106.— Diagrammatic view of apparatus to show the relations
between the thoracic wall and the lungs. For description see the
text.

Imagine a wide glass flask, 1, the bottom of wliich, 4, is

made of strong india-rubber, having in the centre a wooden

knob or cork, by which the membrane may be pushed

upwards or pulled downwards at pleasure. A tightly-fitting

cork is inserted into the neck of the flask, through which

passes a glass tube, 2, dividing into two branches in the

flask, and to the end of each tube a small india-rubber bag

is attached. A mercurial manometer, 3, is inserted into an

opening on one side of the flask, and an opening on the

other side, 6, is covered by an india-rubber membrane.

Suppose the membrane, 4, to be in the position shown in

the figure on the left hand, the pressures on the inner

and outer surfaces of the flask are equal, and consequently

the mercury in the two limbs of the manometer is at the

same level, and the india-rubber bags are collapsed. If,

then, the cavity of the flask be increased, as in the right

hand figure, by pulling down the membrane, 4, by the
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knob, 5, tlie pressure in the interior of the flask is dimin-

ished, and the india-rubber bags expand, the mercury rises.

in the shorter limb of the manometer, and the membrane^

as at 6, is pressed inwards, by the atmosi^heric pressure,

acting on 3, 2, and 6, being in excess of the pressure in

the flask. When the membrane passes upwards, equilibrium

of pressure is again established, as seen in the figure to the

left. Imagine, further, that the capacity of the flask were

increased, not only vertically, by the movement of the

membrane, 4, but laterally and antero-posteriorly, by an

expansion of the wall of the cavity, we would have an

increase of capacity in every direction, and consequently

the atmospheric pressure exerted througli the tube, 2, would

cause the bags to expand to a still greater extent. In the

mechanism of respiration this is what really happens. By
the action of the respiratory muscles, the capacity of the

chest is enlarged in every direction ; there is thus an excess.

of atmospheric pressure over the pressure on the outer sur-

face of the lungs, and consequently a certain amount of air

rushes into the air passages of the lungs, until equilibrium

is again established. Ordinary inspiration is, therefore,

essentially a muscular act. When the muscles relax, in

ordinary expiration, the elasticity of the lungs and of the

thoracic wall causes these organs to recoil to their former

position, and thus to force out a certain amount of air.

Thus, ordinary expiration is not muscular, but is due to the

elasticity of the structures involved. Any proof that the

mechanism is of the nature just described is scarcely needed,

but it is ofiered by what occurs when a puncture is made
through the thoracic wall into the pleural cavity. When
this occurs on one side, there is collapse of the lung on that

side and great difficulty in breathing ; but if made on both

sides, both lungs collapse, and there is rapid asphyxia—the

cause being that although the capacity of the chest be in-
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•creased as before, the lungs do not likewise expand, as the

atmospheric pressure exerted on their surface, through the

hole in the thoracic wall, is of course equal to that in the

respiratory passages.

2. Muscular Areangements.

The next question is, by what muscular action is the

capacity of the chest increased ? ^

1. In ordinary Insjnration. The ve7^tical diameter of the

chest is increased by tlie contraction, a,nd consequent descent

of the diaphragm, which is the chief inspiratory muscle.

The lateral parts, corresponding to the bases of the lungs, de-

scend to a much greater extent than the central tendon, Avliich

is related on its superior surface to the pericardium and the

heart. At the same time, the antero-ioosterior and lateral

diameters are increased by the elevation of the ribs by the

external intercostals, and by the portion of the internal

intercostals found between the costal cartilages. The ribs

are not only elevated, but slightly rotated, so that their

lower borders are directed outwards, and at the same time

the sternum is carried forwards. The levatores costarum

and serratus posticus superior, passing from the spine to the

ribs, also assist in elevating the latter.

2. In forced insjnration, the capacity of the chest is fur-

ther increased by all the muscles which tend to fix the first

rib, and thus allow the intercostals to contract with greater

effect, or which act directly on the ribs from a fixed point,

^ Full details are given regarding this point in all anatomical

works ; and the mechanism can only be fully understood by the

student studying carefully the attachments and the direction of the

fibres of the various muscles involved. Much controversj^^ has arisen

on various points, more especially as to the action of the intercostal

muscles. All that is attempted here is to state the general facts as

shortly as possible.
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sucli as the slioulder. Thus, such muscles as the scaleni, the

steriio-cleido-raastoid, the serratus magiius, the pectoralis

major and pectoralis minor, and the trapezius act as inspira-

tory muscles when deep, forced inspirations are made.

3. In ordinary exoiration, the elastic recoil of the walls of

the chest and of the lungs, following the relaxation of the

inspiratory muscles, is quite sufficient to expel the air; but

in forced expirations the ascent of the diaphragm is assisted

by the contraction of the ab-

dominal muscles compressing

the viscera, and thus forcing

np the floor of the chest. This

action is assisted by all muscles

which depress the ribs, such

as the greater part of the in-

ternal intercostals, the serra-

tus posticus inferior, quadratus

lumborum, and the triangularis

sterni.

3. Yarieties of Respira-

tory Movements.

When the action of the

diaphragm predominates, as in

the male, respiration is said

to be ahdoininaL or diaphrajm-

utic, the abdominal wall moves

upwards and downwards, and

there is only a very slight

Fig, 107.—Diagrams (by Hutcliinson)
showino- the extent of antero-posterior
uiovemeut in ordinary, and in forced
respiration in male and female. The
baclc is supposed to be fixed, in order
to throw forward the movement as
much as possible. The black line indi-
cates, by its two margins, the limits
of ordinar:/ inspiration and expira-
tion. In farced inspiration the body
comes uj) to the dotted line, while in

forced expiration it recedes to the
smallest space indicated. The abdo-
minal character of respiration in the
male is distinctly shown.

increase in the antero-pos-

of the chest. On the otherterior, or transverse diameter

hand, in the female, the capacity of the chest is increased

chiefly by movements of the ribs, and especially of the upper

ribs, causing heaving of the breast, the action of the dia-
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phragm, and consequent movement of the abdominal wall,

being mncli less than in man. Sometimes, in cases where a

large tumour exists in the abdominal cavity, respiratory

movements occur chiefly in the clavicular region. The

foregoing figure by Hutchinson illustrates these forms of

respiratory movement (Fig. 107).

4. Eegistration of Eespiratory Movements and Forces.

Various instruments have been invented for recording the

movements of the thorax, by Scot Alison, Sibson, Ransome,

and MacVail

d

The most elaborate researches on the subject

Fig. 108.—Pneumograph of Marey. /, very thin brass plate bearing
a tambour, h, the ahuninium disc of which is connected with the
upright h, the upper end of which moves on a horizontal screw, g.

The band ced is placed round the body During expansion of the
chest, tension occurs between c and d, which acts on the tambour by
the bending of the brass plate /, and the movement is communicated
to a recording tambour by a.

have been made by Ransome, who has shown that variations

in the antero-posterior diameter of the u]3per joart of the

chest are very extensive—the ends of the up])er ribs moving

horizontally forwards to a distance of from 12 to 30 milli-
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uietres. A simple form of recording apparatus is the

Fneumogra'plh of Marej, seen in Fig. 108.

The apparatus is seen applied to the chest in Fig. 109, a

cardiograph heing used at the same time, and the two

cd.

Fig. 109.— Pneumograph and cardiograph applied simultaneously,
a, cardiograph; h, pneumograph.

tracings, taken simultaneously with a sphygmographic

tracing, are shown in Fig. 110.

The elasticity of the lungs in ordinary respiration has

been estimated by means of a manometer to be from 6 to 8

millimetres of mercury, but in deep and prolonged inspira-

tions it may amount to 30 or 40 millimetres.
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The contractility of tlie lungs, wliicli is comparatively

small, and due chiefly to the muscular fibres of the bronchi,

Fig. 110. • Simultaneous tracings taken by the pneumograph B, car-

diograph C, and sphyginooraph A at the radial artery. The ascent of

the curve in B corresponds to expiration, and the descent to inspira-

tion. There are from four to five cardiac pulsations to each complete
respiratory movement. Observe also that the pulsation at the wrist is

a little later than the corresponding" cardiac pulsation—thus d, in

upper line A, corresponds to c in lower line C.

has been recorded by Paul Bert. A copy of the tracings

obtained is shown in Fig. 111.

Fig. 111.-Tracings of pulmonary contraction obtained by Paul Bert
from the dog. The two upper lines were obtained by direct galvanic
stimulation of the lung, and the third by stimulation of the jmeumo-
gastric. abc indicate the moments of stimulation.

These tracings are important not only as affording direct

proof of the contractility of the lung, but as showing that it

may be excited by stimulation of the pneumogastric.
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Attempts have also been made to measure and calculate

the force exerted by the inspiratory muscles, but it must be

admitted that only rough approximations have yet been

obtained. These muscles must overcome the following-

resistances : (1) the elasticity of the thorax, the value of

which has not been ascertained; (2) the elasticity of the

pulmonary tissue, which, as already stated, amounts to

8 millimetres of mercury in calm inspirations, and say 24 in

deep inspirations; and (3) the pressure of the air in the

lungs in inspiration, say 1 millimetre in calm, and 57 milli-

metres in deep, inspiration. Thus the inspiratory muscles

have at least to overcome resistances represented by 8 + 1

= 9 millimetres in calm, and 24 + 57 — 81 millimetres in

deep, inspiration. In forced expiration, as in loud speech
^

crying, or making a strong expulsive effort during severe

muscular action, the force must overcome a resistance equal

to the positive pressure in the lung in expiration, less the

elasticity of the lung, or 87 - 24 = 63 millimetres of mer-

cury. {Bonders and Beaimis.)

5. Rhythm and Number of Respiratohy Movements.

Each respiratory act consists of three periods: (1) a period

of inspiration; (2) a period of expiration ; and (3) a j)eriod

in Avhich there is no movement, usually termed the pause.

Inspiration is usually shorter than expiration, and the pause

may be long or short, its duration being apparently regulated

by habit or by the amount of attention directed to it. If

attention be directed to respiratory movements, they become

more rapid, chiefly by diminution of the time of the pause,

whereas the pause becomes much longer during sleep, uncon-

sciousness, or even when the mind is in a state of abstrac-

tion. In health, there are usually 15 respirations per
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minute in tlie adult. The following table by Quetelet

shows the effect of age.

Age. Number of Respirations per Minute,

jMaximuiu. Minimum, Mean

Newly-born child, . . 70 23 44

1— 5 years, . . . . 32 20 26

15-20 „ . . . . 24 16 20

20—25 „ . . 24 14 18

25—30 ,, .
. . . . 21 15 16

30—50 „ . . 23 ., ' 11 18

In very aged people, the number may fall even to 12 per

minute. The ratio of cardiac to pulmonary movements is

seen in the curve, Fig. 110; it is usually as 1 : 4 or 4*5.

6. Respiratory Sounds.

If a stethoscope be placed over the larynx and trachea of

a healthy man, two sounds will be heard—one inspiratory,

and the other expiratory. These are called the laryngeal

and tracheal sounds. If it be placed a little to the right or

io the left of the manubrium of the sternum, the same

sounds will be heard, but diminished in intensity. These

are the hronchial sounds. If now we listen on either side of

the chest, or on the back, over the j)osterior tube of either

lung, two gentle rustling sounds are heard, termed the

vesicidar resinratory murmurs. All of these sounds become

•exaggerated during forced respiration, but in a state of

health they never lose their soft character. They are pro-

duced by the passage of air through the trachea, larger

bronchial tubes, finer bronchial tubes, and air-cells of the

lung. Again, if we listen in the same places whilst the

individual speaks, there is a peculiar resonance of the voice

noticeable over the trachea : it has been called pectoriloquy,

as if the voice entered the ear directly from the chest ; over
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the broncliial tubes, hroncJiophony, as if the voice issued

from a tube ; whilst in the regions occupied by lung tissue,

voice sounds are scarcely audible. The student ought to

listen to these sounds in a healthy chest, so as to be able to

appreciate the changes in intensity and quality of these

normal sounds, and to detect the new sounds produced by

pathological changes in the lung, which are of so much

importance in the diagnosis of pulmonary affections.

c—changes in the air during respiration.

1. Mode of Examination.

Lavoisier was the first to examine, by accurate scientific

methods and with skilfully-contrived apparatus, the difier-

FiG. 112.—Apparatus of Dulong for the stvidy of respiration and of
animal heat, c, calorimeter, consisting of a vessel of cold water, in
which the chamber containing the animal is placed; g', gasometer
from which air is expelled by a stream of water. The air enters
the respiratory chamber; g, gasometer which receives the gases
expired; tt', thermometer; a, a wheel for agitating the water in the
calorimeter,

ences between the air of inspiration and that of expiration.

.His method, much improved by Regnault and Reiset,

2 B
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consists essentially of studying the changes produced by the

respiration of a small animal placed in a chamber ol limited

size. A measured quantity of air, freed from carbonic acid

and aqueous vapour, is introduced in a continuous stream into

the chamber, and passes from it through tubes containing

solutions by which the carbonic acid and aqueous vapour

formed by the animal are absorbed. Thus, the amount of

oxygen lost, and the amount of carbonic acid and aqueous

vapour gained, by the air may be accurately measured.

Pettenkofer of Munich and Angus Smith of Manchester

have employed chambers large enough to contain a man for

several hours. A small apparatus suitable for estimating

not only the amount of O used and of CO^ produced, but

the amount of heat given off from the body of the animal,

is shown in Fig. 112. This arrangement will be again

referred to in treating of animal heat.

2. The Air Inspired.

About half a litre, or 500 cubic centimetres, of air are

taken into the lungs in each inspiration; there are 15

inspirations per minute, therefore "5 litre x 15 x 60 = 450

litres per hour, or 450 x 24 = 10,800 litres in 24 hours.

The composition of atmospheric air, in 100 parts, is as

follows :

—

By volume. By weight.

Oxygen, . . . 20-8 23

Nitrogen, . . .79-2 77

Carbonic acid, in pure air, usually exists to the extent of

4 volumes in 10,000 volumes. The amount of aqueous

vapour depends on the temperature, being great when the

temperature is high and small when it is low. Sometimes

the air may be saturated with aqueous vapour at a given

temperature ; if the temperature rise, more vapour may be



TEE AIR IN RESPIRA TION. 387

taken up; if it fall, some moisture will be deposited. In

addition, air may contain dust, products of the decomposition

of organic matter, ammonia, &c., &c. The temperature and

the pressure of the air have an influence on respiration.

If the temperature be high, a rarefied air is breathed—that

is, an air which per volume contains less oxygen than a

condensed air. Consequently, to compensate for the expan-

sion of the air by heat, the number and depth of the respira-

tions are increased. The barometrical pressure, at the level

of the sea, is 760 millimetres of mercury. It is important

to note the partial pressure of each gas in the air. Thus

—

„, ,^. 700x20-8 ^_ ..,. .

1he pressure 01 the oxygen = r^r- — 158 millimetres.

Ihe pressure of the nitrogen = yz— = oOI .,

rvx. ^^u ^ - -A 760 X -0005 _ ,„
Ihe pressure 01 the carbonic acid = r—r— = O'ob ,,

Total barometrical pressure, . . 759 '38 millimetres.

3. The Air Expired.

Contrast the percentage composition of the air inspired

and the air expired as follows :
—

Air insph^ed. Air expired.

Oxygen, . . . 20*8 15*4

Nitrogen, . . . 79-2 " 79'3

Carbonic acid, . . 4*3

Note the following characters of expired air: (1) it con-

tains less oxygen; (2) it contains more carbonic acid; (3) it

contains one-tenth per cent, more nitrogen
; (4) it is saturated

with aqueous vapour; and (5) it may contain traces of

ammonia and of volatile substances. The temperature of



388 SPECIAL PHYSIOLOGY.

expired air is usually about 36° C. (about 97° F.); the volume

of expired air is about equal to that of inspired air, in eon-

sequence of the expansion of the expired air by increase of

temperature ; but if the two volumes, ins^m^ed and expired,

be reduced to the same temperature and pressure, the

expired air will be found to be a little less than that of

inspired air, as 99 : 100, and it has been ascertained that

this is due to a disappearance of oxygen. In other words,

the whole of the oxygen introduced is not accounted for by

what is expelled in COg and HoO, and therefore some of it

is retained by the blood or tissues.

4. The Capacity of the Lungs.

The amount of air which may pass into or issue from the

lungs, or which they may contain after the fullest expiration

or after the fullest inspiration, may be approximately

measured by means of instruments called sinrometers. The

most common is Hutchinson's spirometer, constructed on

the principle of an ordinary gasometer for the storage of gas.

Another is that of Casella, on the principle of the anemo-

meter used by meteorologists for registering the velocity of

the wind. A third and very convenient form, called the

anajjnogrcqyJi, devised by Bergeon and Kastus, is shown in

Fig. 113.

A valve, or mobile plate of aluminium, v, forms one side

of a rectangular box put into communication by A with a

respiratory tube terminated by a mouth- or nose-piece. The

axis of rotation of the valve carries a very light lever, s,

which writes on a strip of paper moved by clockwork. If

air be propelled through the tube into A with each move-

ment of inspiration and expiration, the variations of the

pressure of the air in the air passages are transmitted to the

valve which, by the lever, inscribes on the paper. The
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instrument has been gi-aduated so as to suit bands of paper

divided into small squares, each square representing a

certain amount of air. Thus the instrument registers not

only the pressure of the air, but the quantity inspired and

expired, and the rapidity of the current of air. With such

instruments, it may be

shown that when the

lungs have been emptied

as much as possible of

air by the most powerful

expiratory effort, they

still contain a quantity

over which we have no

control, and which may
be estimated at about

100 cubic inches. This

has been termed residual

air. In addition to this

residual ail', there are

about 100 cubic inches

constituting supplemen-

tal air, or the air that

remains in the chest

after an ordinary expir-

ation, in addition to the

residual air already men-

tioned. Thus there are

200 cubic inches of air in the chest after a gentle expira-

tion. If, then, inspiration take place gently, from 25 to 30

cubic inches are introduced; these, constituting tidal air, are

expelled by the next expiration. We find, therefore, that

in ordinary respiration there are about 200 cubic inches in

the lungs, and an inward and outward current of say 30
cubic inches ; but, finally, it is possible, by a very deep and

Fig. 113.—Anapnograpli of Bergeon and
Kastus. For description, see text.
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prolonged inspiration, to introduce 100 cubic inches more.

This last quantity is called comjolemental air. After the

deepest inspiration, there are therefore in the lungs 330

cubic inches of air, which number expresses the maximum
capacitT/ of the cluest. These facts may be impressed on the

memory by the following table, in which both English and

metrical measures are given, the English measurements by

Hutchinson, and the metrical by Grebant.

Cub. C3nt. Cub. in.

f Pvesidual air, . . 1200 100^ Pulmonary capacity,

y 2800 cub. cent., or

Supplemental air, 1600 lOOJ ^
Maximum volume

of air in the
lungs,4970 cubic ^

centimetres, or
330 cubic inches.

200 cub, in.

m- 1 1 • KAA OA Vital capacity, 370O
Tidal air, . . . 500 30 ) cub. cent., or 230

I

cub. in.

LComplemental air, 1600 100 j

By vital capaciti/ is meant the quantity of air expired or

inspired in the strongest possible respiration. The vital

capacity is somewhat less in women than in men; it in-

creases up to 35 years, and afterwards diminishes. It also

increases with the height and with the circumference of the

chest : for each additional centimetre in height, there is an

increase of about 60 cubic centimetres. Edward Smith also

showed that movement increased the volume of air expired,

5. Composition of the Air in the Bronchia and

Lung Cells.

Having considered the composition of the air inspired and

expired, and the volumes of each, it is important to ascertain

what is known regarding the condition of the air in the

passages and in the ultimate air-cells of the lung. It has

been shown by Yierordt that as we penetrate into the Jung,

the proportion of carbonic acid and of aqueous vapour
4
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increases, and that if we divide tlie air of expiration into

successive portions, the first expired contains less COg than

the second, the second than the third, and so on. It is

difficult to estimate the percentage amount of CO^ in the

ultimate air-cells, but it is certainly not less than from 7 to

8 per cent. After an insjDiration, introducing, let us say,

500 cubic centimetres of air, the air passes only into the

trachea and upper air passages, driving backwards and

compressing the air in the lungs at the end of the previous

expiration. Diffusion then quickly takes place, oxygen

jDassing inwards and carbonic acid passing outwards. In the

next expiration, 500 c.c. are returned, but of these, as has

been ascertained by Grehant, 170 c.c. consist of pure air

which was introduced by the previous inspiration, and the

remaining 330 c.c. consist of vitiated air returned from the

lungs. The 330 c.c. of pure air not returned difiuse quickly

with the air in the deeper passages of the lungs, and

Grehant has stated that this will probably take place in the

time occupied by about five respirations.

6. Partial Pressures of the Air in the Air-Cells.

Suppose the shorter limb of a manometer to be connected

by a tube with the trachea of an animal, during inspiration

the mercury would rise in the shorter limb, and during

expiration it would rise in the longer limb—that is, during

inspiration the pressure in the air passages is less than the

pressure of the air, and during expiration it is greater.

This amount has been found to be

—

In calm inspiration, . . . . .
— 1 mm.

In deep inspiration, . . . . .
- 57 ,,

In calm expiration, . . . . . + 2 to 3 ,,

In forcible expiration, . . . . + 87 ,,
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From tliese data, it is easy to calculate the partial pressures

of the gases in the two states.^

The great difficulty is to state precisely the partial pres-

sures of the gases in the ultimate air-cells. This is attempted

as follows by Beaunis :

—

Oxygen. Carbonic Acid.

Per
Partial Pres- p Partial Pres-

centage.
of Mercury-.

-entage.
of Mercury.

^ . ^. S
Calm, 17 129

Inspiration,
j ^^^^^ ^^ ^^^

^ . ,.
S
Calm, 16 121

Expiration,
j -^^^p^' 13 110

4 30
1 7
5 38
8 67

The above table is to be thus read: After a calm inspira-

tion, the pressure of in the ultimate air-cells = 129 mm.
of mercury, or the pressure which would be exerted by

a gaseous mixture containing 17 per cent, of at the same

temperature.

Having now studied the mechanism by which the air is

introduced into the lungs, so as to reach the air-cells, let us

next consider the condition of the blood before and after it

passes through the lungs, so that we may be in a position to

understand the conditions of the gaseous interchanges occur-

ing in these organs.

^ Thus : Let P = j)^i"^i^l pressure, H the pressure of the air

inspired or expired, aud Q the quantity of gas in 100 volumes

—

P = H X Q
100 *

Suppose H = 760 mm. and Q 20-8, then
"^^^ "^ "^'^

•• ^^

Pressure of Air.

^ . ^. S
Calm, 760 - 1 = 759

Inspiration.
| ^^^^'^ ^^^ _ ^^ ^ ^^3

T?v«i. f^r. \
Calm, 760 + 2 = 762

Expiration.
] ^^^^'^ ^^^ ^ g^ ^ g^g

100

Partial Pressure in MM. of
Mercury.

Of 0. Of COo,

157
146

117
130

•37

•07

31-5

36-4
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D.-CEANGES IN THE BLOOD DURING RESPIRATION.

1. General Statement.

The blood wliicli reaches the lungs by the pulmonaiy

artery is venous, whilst that carried back to the heart by the

pulmonary veins is arterial. Arterial blood is of a rich

Vermillion colour, it coagulates readily, and it contains more

oxygen and less carbonic acid than venous blood ; venous

blood is of a purple colour, and it contains more carbonic

acid and less oxygen than arterial blood. The following

table shows the percentage of gases in the two kinds of

blood :

—

Arterial Blood. Venous Blood.

Oxygeiij . 20 10

Carbonic acid, . 50 GO

jSTitrogen, 2 ... 2

It is not easy to estimate the gases of the blood in the

pulmonary capillaries; but such blood may be supposed to

be identical with that of the right ventricle. If so, it would

appear that the gases in the venous blood of the right heart

are—oxygen, 9 per cent.; carbonic acid, 35 per cent.; and

nitrogen, 2 per cent.; and it will be observed that the

amounts are smaller than those given for ordinary arterial

and venous blood. Certain substances in blood have a

strong chemical affinity for the oxygen or carbonic acid of

respiration. Thus, hsemoglobine, as described in p. 295,

unites readily with oxygen to form HO, 1 gramme of H
absorbing 1*2 to 1'3 cubic centimetres of at 0° Q. and

1 metre of pressure. The phosphate and carbonate of soda

in the plasma appear to form some kind of loose chemical

combination with carbonic acid.

Another point to be observed is the quautity of blood
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wliicli passes through the lung at a given time. With each

systole, the right ventricle propels into the lung 180 grammes

of venous blood, so that in each respiration there passes

four times that quantity—180 x 4 = 720 grammes, which

contain about 245 c.c. of COg and 63 c.c. of 0. When
these 720 grammes are arterialized, they contain 210 c.c. of

CO2 and 105 c.c. of 0. If these figures be near approxima-

tions, 35 c.c. of COg have been eliminated and 42 c.c. of O
have been absorbed. It is probable that these figures are

too high, and that they might be reduced by about one-

third, as analyses of expired air show, in the same time,

only 21 c.c. of COg and 27 c.c. of O. The chief source of

error is likely due to admitting that the right ventricle

sends to the lung so much as 720 grammes of blood during

each complete respiratory act.

2. Extent of the Eespiratoky Surface.

When we consider on the one hand the apparently small

bulk of the lungs, and on the other the amount of gaseous

interchange just stated, it is evident that the anatomical

arrangements of the lung must be such as to admit of an

enormously-extended surface. Kiiss has made an attempt

to estimate the extent of this surface. Supposing the

number of air-cells to be from 17 to 18 millions, the surface

will be about 200 square metres. Of this surface, about

three-fourths, or 150 square metres, are occupied with

capillaries; so that a blood-surface of 150 square metres is

brought into juxtaposition with an air-surface of 200 square

metres. No doubt these figures are merely approximative,

and there may exist an error of even 20 per cent., but

they help the mind in forming some conception of the

conditions, as regards surface, in which gaseous inter-

changes occur.

I
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3. Pressure of the Gases in the Blood.

If a gas be dissolved in a fluid, it exists in a certain state

of tension or pressure. Let tlie pressure be increased, at

the same temperature, the fluid may be caused to take up

more gas; on the other hand, let the pressure be diminished,

the gas will escape, until an equilibrium is again established.

The gases in the blood, however, are not all simply in a

state of solution : they are partly dissolved and partly in a

state of loose combination with certain elements of the

blood, most of the oxygen being united to hiemoglobine.

Pfliiger and Strassburg have estimated the pressure in the

blood of the doof, and o^iven the followino; fio-ures :

—

Tension of in

mm. of Mercury.
Tension of CO o in
mm. of Mercury.

Percentage
of 0.

Percentage
of COo.

Arterial, . 29-2 21 3-9 2-8

Venous, . 22*0 41 2-9 5-4

That is to say, the arterial blood of the dog will absorb

no oxygen when exposed to an atmosphere containing 3-9

per cent, of that gas, and the venous blood will give off no

CO^ into an atmosphere in which 5 "4 of CO2 already exist.

E.-GASEOUS INTERCHANGES BETWEEN THE BLOOD
AND THE AIR IN THE PULMONARY CELLS.

We now come to the most difficult problem in the physi-

ology of respiration. An organic membrane, consisting of

the walls of the air-cells and of the walls of the capillaries,

has on the one side of it a mixture of various gases, oxygen,

carbonic acid, and nitrogen in a certain state of tension, and

on the other a fluid in which the gases, oxygen, and carbonic

acid are partly dissolved according to the law of pressures,

and partly in a state of loose combination with certain

elements of the blood—the problem is to define jDrecisely
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tlie physical conditions in wliicli oxygen ppvsses into the

vessels from the air-cells, and carbonic acid passes out from

the blood. It is evidently complicated by our ignorance of

-the exact conditions as regards pressure which would affect

the O in the state of HO, and the COg in combination with

the soda salts of the blood. The following table contrasts

the conditions, the arrows indicating the direction in which

one would expect diffusion to take place. The assumption

is made that the pressures of the gases in the blood of

man are considerably greater than the figures given on the

preceding page regarding the gases in the venous blood of

the dog, as it is known that 00^ in human pulmonary air-

cells is above 54 per cent., and may be so high as 10-8 per

•cent. If so, with the pressure represented by this percent-

age, it would be impossible to understand how CO2 could

possibly escape from the blood. Thus :

Tension of O Tension of
"

ill mm. of CO 2 in mm.
Mercury. cf Mercury.

Venous Blood, .... 40 80

I I
Organic Septum, ....
Air in Pulmonary Cells, . . 129 38

Thus it will be seen that the law of diffusion, under

different tensions, explains both the absorption of and

the elimination of CO2.

a. The Ahsorption of O.

It has been estimated that about 700 grammes of are

required in twenty-four hours. It is absorbed partly as the

result of the chemical affinity of H and partly as an effect

of pressure. The absorption of occurs both in inspiration

.and in expiration. It is increased by movement and by

cold.
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b. The Elimination of CO2.

About 900 grammes of CO.j are eliminated in twentj-fonr

hours. It would appear that its separation from the blood

occurs chiefly during inspiration, by which fresh air is

quickly introduced into the air-cells, thus lowering pressure.

Any lowering of pressure or diminution of the density of

the external medium favours the sej)aration of COo. Deep

inspirations increase it, but if pulmonary ventilation be

interfered with or arrested, the CO^ accumulates in the air-

cells and a state of equilibrium may so soon be brought

about which will prevent the exit of any more COo.

Dewar and the author ascertained that the inhalation of

ozone prevented the elimination of COo, and as the density

of ozone is greater than that of COo (16 x 3 = 48 -f 2 =: 24

: 12 4- 32 = 44 ^ 2 = 22), it is probable that the greater

density of the ozone was the explanation of the fact.

I^Tumerous researches have shown that various circumstances

affect the elimination of COo, of which the following are the

chief :

—

(1) Number' of Respirations.—By increasing the number

of respirations, keeping their depth as far as possible the

same, the amount of COo eliminated is increased.

(2) Depth of Respirations.—Keeping the number the

same, and increasing the depth, the amount is increased.

(3) Length of the Respiratory Pause.—If the time of the

respiratory pause be increased, the amount of CO2 separated

is greater, indicating that the elimination of CO2 from the

blood into the air-cells is going on even during the pause.

(4) Age.—The amount of CO2 exhaled increases until

thirty years of age, and afterward diminishes. This must be

chiefly due to less CO2 being formed after thirty, in conse-

quence of less rapid changes of tissue which might produce

it. It cannot be said that sex has anv marked effect.
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Sometimes it is stated that the difference between the

amount of CO2 exhaled by men as contrasted with women
is much greater, but the difference depends not on sex. but

on the nature of the occupation and on the amount of

muscular exertion.

(5) Food.—The nature of the food, as has been shown by

the laborious observations of Edward Smith, has a marked

effect. The amount of CO2 increases with the carbon con-

tained in the food, hydrocarbons and vegetable acids yielding

more than fats and albuminates. Starvation, or a state of

hybernation, diminishes the amount of CO2.

(6) Muscular Action.—This increases the amount of COg,

as has been ascertained by researches conducted by Petten-

kofer, Yoit, Parkes, (fee, and is what might have been

expected, as it is well known that muscular activity cannot

take place without the production of CO2.

(7) Sleep.—During this condition the amount of COg is

diminished. It has been estimated that for 100 parts of

CO2 eliminated in 24 hours, 58 parts are separated during

the day, and 42 parts during the night. Pettenkofer and

Yoit observed that, during a day of rest, a man eliminated

533 grammes of CO.2 during the twelve hours of day, and

395 during the night; wliilst, during a day of work, he

eliminated 856 during the day, and 353 during the night,

thus showing that during the night following a day of hard

work there was a great increase in the amount of CO2 thrown

off, even taking into account the increase during the day.

c. Elimination of Nitrogen.

As already stated, the air expired always contains a little

more nitrogen than the air inspired. Prom 7 to 8 grammes

are thus eliminated daily, which may be derived partly

from the nitrogen of the food, and partly from the nitrogen
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contained in the air introduced into the alimentary canal

alonoj with the food.
^o

d. Elimination of Aqueous Va2J0ur.

About 300 grammes of aqueous vapour are eliminated by

the lungs daily. This amount is derived from two sources,

(1) the water of the blood, and (2) the water contained in

the air previously inspired. The amount of water separated

from the blood will depend on the hygrometric state of the

air inspired, and upon the depth of the respirations. The

absolute amount of watery vapour separated by the lungs

increases with the depth and duration of the respirations :

Avhilst cold, a low barometrical pressure, and dryness of

tlie ail', produce the same effect.

e. Respiration in a Confined Space.

If an animal be placed in a confined space, where the

renewal of air is impossible, the air loses by degrees its

oxygen, and becomes more and more highly charged with

carbonic acid. When the proportion of oxygen does not fall

below 15 per cent., respiration is normal; from 15 to 7 per

cent., respiration becomes deej) and prolonged; from 7 to

4|- per cent., respiration is carried on with great difficulty;

and below this amount, there is risk of immediate asphyxia.

After death, the blood is still found to contain some oxygen,

and the tissues continue to absorb the oxygen of the blood

for some time. The rapidity of asphyxia will depend on the

quantity of oxygen in the confined space. Thus a ligature

applied tightly round the trachea, by diminishing the space

containing oxygen, produces almost immediate asphyxia. It

is important to observe that when an animal is placed in a

confined space, there appears to be a kind of tolerance
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gradually established, by wlncb it will live in an atmosphere

fatal to another of the same species introduced directly from

without. Thus, Claude Bernard placed a bird under a bell-

glass over mercury ; three hours afterwards, he introduced

another bird into the same space ; the second bird died in

convulsions in a few minutes, while the first continued to

respire.

But, as already stated, not only is the oxygen removed,

but the percentage of carbonic acid increases. Other gases

and volatile substances, such as carburetted hydrogen, sul-

phuretted hydrogen, volatile fatty acids, (fee, are also se^Da-

rated from the body. These latter give to the air the

peculiar odour and " stuffy " character observed in crowded

apartments. The object of ventilation is not only to intro-

duce fresh oxygen, but to dilute the carbonic acid and

matters just mentioned to their normal amount. Pure air

contains of COg about '4 volumes in 1,000. It has been

ascertained that air containing one volume per 1,000 of CO^,

has a sensible odour, and may be regarded as impure, and it

has been established as a principle in ventilation that the

amount of COg present ought never to j)ass -7 per 1,000.

About 12 litres of CO2 are expired in an hour ; to dilute

this to the proportion of "7 of CO2 per 1,000, about 18,000

litres of air free from. CO2 are required per hour. But as

ordinary air contains "4 per 1,000 of CO2, it is evident

that more than 18,000 are required. Pettenkofer, who is a

renowned authority on such a subject, gives the amount at

22,000 litres, or 60 cubic metres of air—that is, about 1800

cubic feet of air ought to be supplied per head per hour in

efficient ventilation. It is evident that even a larger quan-

tity is necessary in the wards of hospitals and in sleeping

apartments. The practical problem in ventilation is to

supply this amount of air by such arrangements as secure

freedom from cold and drausrhts.
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F.—ABNORMAL RESPIRATION.

There are three forms of what may be regarded as abnor-

nal respiration, namely, Apncea, Dyspnoea, and Asphyxia.

1. Apn(ea.

When the blood is saturated with oxygen, respiratory

movements are arrested. This may be observed during

the process of performing artificial respiration by means of

bellows, or other appliances, as requires frequently to be

done in the course of physiological research. If the interval

between the successive insufflations be gradually diminished,

the respiratory movements become slower and may even be

altogether arrested, whilst other movements, as those of the

heart and reflex actions, continue.

2, Dyspncea.

By this term is meant difficulty in breathing, which may
arise either from (1) puncture of the pleural cavity pre-

venting expansion of the lungs, as already explained (p. 377),

or (2) obstruction in the air passages preventing the free

passage of air to and from the lungs. It may also be caused

by any conditions ofthe lung, such as congestion, pneumonia,

tubercular solidification, &c., which diminish the extent of

respiratory surface. Dyspncea is characterized by increased

respiratory movements, in which numerous muscles take

part. Thus, in addition to the ordinary respiratory muscles

such as the diaphragm, other muscles, such as the scaleni

and posterior serrati, take part. The ribs are forcibly ele-

vated and depressed; and the larynx, which is almost

motionless in ordinary respiration, is drawn upwards and

downwards through a considerable distance.

2 c
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3. Asphyxia.

This is the state produced by interruption of the respira-

tory process so as to lead to the accumulation of CO2 in the

blood. It may come on gradually, as when an animal is

placed in a confined space, or suddenly as by complete

occlusion of the trachea. In either case, it may be divided

into three stages: (ci) First stage.—This is characterized by

dyspnoea or diflSculty in breathing. The respiratory move-

ments are hurried and somewhat irregular; the expiratory

muscles contract powerfully, and the muscles, especially of

the thoracic and abdominal regions, contract spasmodically.

At the end of about one minute, the spasmodic movements

extend more or less to the muscles of the extremities, chiefly

affecting the flexors. (h) Second stage.—The convulsions

cease and the movements of expiration are scarcely per-

ceptible j the pupils are dilated ; the eyelids do not shut

on touching the eyeball; reflex movements cease; the

muscles become loose or flaccid; the arterial pressure falls

very low ; and there is a state of calmness which presents

a striking contrast to what was observed a minute before.

The second stage also lasts about one minute, (c) Third

stage.—The ordinary inspiratory muscles act more feebly

and at longer intervals of time ; whilst the accessory in-

spiratory muscles occasionally contract spasmodically, so as

to produce a series of convulsive gasps ; similar convulsive

movements now and then occur in the muscles of the ex-

tremities, more especially in the extensors, the head is bent

backwards, and the body may also be arched in the same

direction ; the nostrils are dilated ; and after one or two

convulsive movements, death ensues. On examining the

body, the venous system generally, the right cavities of

the heart, and the capillaries of the lungs are found to be

full of blood, whilst the arterial system is nearly empty.
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The phenomena of asphyxia produced by slow degrees are

essentially the same and consist of the three stages of con-

vulsive expiratory movements, calm, and convulsive inspira-

tory movements.

G.—INNERVATION OF RESPIRATION.

The nervous arrangements of respiration consist (1) of a

respiratory centre or centres in the medulla oblongata and

upper part of the spinal cord; (2) of filaments of the i^neii-

mogastric distributed to the lungs; and (3) of the various

nerves distributed to the muscles of inspiration and expira-

tion, constituting what has been long known as the respira-

tory system of Charles Bell.

1. Respiratory Centres.

The whole of the encephalon, with the exception of the

medulla oblongata, may be removed from an animal without

destroying the mechanism of respiration. It will also con-

tinue in these circumstances even after removal of the spinal

cord from below the origin of the phrenic nerves. These

observations, first made by Legallois and Flourens, fixed

the site of the respiratory centre in the medulla. The

latter observer asserted that it was located in a particular

part of the medulla, namely, at the lower end of the

calamus scriptorius, inasmuch as he found that puncture

of this part at once arrested the movements and caused

death. Recent observations by Prokop Kokitansky indicate

that the centre is not exclusively at this region. By in-

creasing the reflex sensibility of other parts of the cord

by means of strychnia, Rokitansky found that even the

portion termed by Flourens the noeud vital, or vital knot,

might be removed without stopping the respiratory move-
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ments. The conclusion therefore is that the centre is

situated in the medulla and upper part of the cord.

2. Influence of the Pneumogastric.

Our knowledge of the importance of this nerve upon

respiration has been obtained by experiment. It has been

found that excitation of the trunk of the pneumogastric in

the neck accelerates respiratory movements and increases the

depth of respiration ; whilst excitation of the superior laryn-

geal nerve, the filaments of which give sensitiveness to the

mucous membrane of the larynx, slows the respiratory move-

ments and lessens the depth of respiration. The same results

may be obtained on dividing the nerves and stimulating their

cephalic ends, but the efiects vary according to the strength

of the stimulus employed. Thus, by increasing the excitation

of the cephalic end of the pneumogastric, the inspiratory

muscles become strongly afiected, so as to cause deep long-

drawn respirations, and if the excitation be still slightly

increased, a tetanic state of the inspiratory muscles ensues

and respiration is arrested. It is evident, therefore, that

the pulmonary part of the pneumogastric contains fibres

which are related by reflex arrangements with the inspiratory

micscles. On the other hand, feeble excitation of the superior

laryngeal is followed by a flaccid or paralytic state of the

diaphragm, whilst strong excitation causes contraction of the

expiratory muscles, and if very strong, there may be arrest

of respiration with tetanus of the expiratory muscles. It

follows, therefore, that the filaments of the superior laryngeal

exercise a paralyzing influence over the inspiratory, and an

exciting influence, by reflex arrangements, over the expiratory

muscles. It has also been observed that section of the

pneumogastric, below the point where the superior laryngeal

branch is given off", is followed by slowing of the respiratory
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movements, a fact whicli may be explained by remembering

that the section has cut off the pulmonary exciting fibres

from the centre, and left the

paralysing fibres in the su-

perior laryngeal intact. It

is evident also that such a

section, by severing the fila-

ments of the inferior or

recui^rent laryngeal, will

paralyse the muscles of the

larynx, and thus interfere

with the passage of air into

the lung.

3. The Respiratory Sys-

tem OP Bell.

The respiratory centre may
be excited to action by influ-

ences transmitted from the

periphery of the body along

the general sensory nerves.

Thus we may excite a power- ^ .,, t^- u 4.,
•' ^ Fig. 114. —Diagram snowing: the position

ful inspiratory effort by dash- of respiratory centre, and the aflterent
^ "^ "^ nerves which influence it (Lauder Brun-

ins; cold water on the face, ^^m). inspiratory nerves are indicated by
. / plain, and expiratory, by dotted lines.

or by a current of cold air a, inspiratory and expiratory >| >.

- 1 •
. 1 , -1 rt r. Fibres for voluntary altera- o

directed on the surface of tions in respiration.
I I

•1-V^ I. J rni J. n &, Cutaneous Nerves of face. ! 'S.

the body. The motor or ef- „, Nasal branch of fifth. (- S

ferent fibres are those which f;g'S La?Ji,gfaf | f
Sir Charles Bell grouped to- f ^^"T"

^'"°' "' '""'"'
^

"

gether in his "respiratory
.

'''•

""i^^Z^nSiiJ^f
'"'''^'

system." The most impor- •. '"^P'SSri^iS?he°Ur'
'"'"'

tant of these are the phrenics ^' Respiratory centre in meduUa and
'^ cord.

which supply the diaphragm, z. Spinal cord.

the intercostals, the facial, and the spinal accessory, which
sends motor filaments to the pneumogastric.
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The foregoing diagram will assist tlie student in studying

the nervous arrangements of respiration (Fig. 114).,

4. Influence of the Blood on the Respiratory Centres.

It has been ascertained that the respiratory centre may be

directly influenced by the gases of the blood. Thus, when
the blood contains an excess of carbonic acid, violent inspira-

tory movements take place {dyspnced); and when on the

contrary the blood contains only a small amount of carbonic

iicid and an excess of oxygen, the respiratory movements are

also arrested {apnoea). Traube has shown that if we

attempt to carry on respiration witb pure hydrogen instead

of atmospheric air, and if at the same time the carbonic acid

be removed, the hydrogen replaces the oxygen of the blood

but dyspnoea does not occur. In like manner, when by

€ompression of the carotids, fresh arterial blood is prevented

from reaching the brain, there are general convulsions j and

it has been observed that at the moment when the course of

the blood is re-established, there is a marked increase in the

desire to breathe. These facts clearly show that the accumu-

lation of COo in the blood acts directly as an excitant of the

respiratory centre. Probably also the COg in the blood of

the pulmonary capillaries acts upon the ends of the nervous

filaments which then transmit an impression to the resj^iratory

centre. In addition to COg, other active substances, such as

nicotine, stimulate the respiratory centre. Increased tem-

perature of the circulating blood has also been found to have

the same effect.

5. Recapitulation.

The following table, modified from that given by Lauder

Brunton, will show the principal ways by which respiratory

movements may be accelerated or retarded.
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The respiratory-

movementsmaybe
accelerated by

—

The respiratory

movements may
be rendered slow
by-

1. Stimula-
tion of

nerves.

Increased
action of

respiratory

centre.

fl Diminished
action of

respiratory

centre.

Stimula-
tion of

nerves.

Stimulation of the vagus.
Action of a voluntary centre

in the cerebrum.
.Strong irritation of cutane-
ous nerves, as by douche
of cold water, current of

air, &c.

Increased temperature of the
blood as in fever.

Increase of CO^ in the blood
as in asphyxia.

By the action of drugs—as
nicotine.

Diminution of CO^ and in-

crease of in the blood.

Action of drugs, such as mor-
phia.

Slight irritation of cutane-
ous nerves.

Action of voluntary centre
in the cerebrum.

Paralysis of the vagi, as by
section.

Irritation of superior laryn-

geal nerve.

Irritation of inferior laryn-

geal nerve.

^ /. Irritation of nasal nerves.

(a.

l

(a.

L

a.

h.

d.

6. Anomalous Respiratory Movements.

Such movements as cough, sneezing, laughing, moaning,

&c., may be explained by a disturbance of the equilibrium

between the exciting and paralysing arrangements of the

respiratory nervous mechanism. Thus, in coughing, usually

arising from an irritation in the laryngeal passage, the

paralysing effect of the sensory filaments of the larynx

reaches a certain intensity, there is then a deep inspira-

tion, which is followed by a sudden and strong expiration

in consequence of a transformation having taken place

from a paralysing into an exciting effect. Sneezing is

produced in an analogous manner, but the irritation

commences in the nasal passages. The other respiratory
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movements, such as langhing, groaning, sigliing, yawning,

&c., which frequently originate in psychical states, seem

chiefly to be associated with movements of the diaphragm.

Thus, in laughing, there is a short inspiration, then a pause,

and afterwards a rapid series of expiratory efforts ; in

groaning or blowing the nose, the expiratory effort is much

more prolonged; and in sighing and yawning the inspiratory

and expiratory efforts are both prolonged and of about

equal length.

As already mentioned, gaseous exchanges between the

blood and surrounding atmosj)here take place in the skin,

but these will be discussed in treating of that organ. In

the meantime it is sufficient to state that from 500 to 800

grammes of aqueous vapour, and from 1 to 2 grammes of

carbonic acid are thus separated.

AVith reference to respiratory movements, consult Hutchinson,

Art. Thorax in Cyclopaedia of Anat. and Physiology : Vieroedt

Art. Eespiration im Handworterbuch d. Physiologic ; and Sibson,

Medico-Chirurgical Trans., vol. 31 : also, Quain's Anatomy, vol. I.,

p. 311. As to the gaseous interchanges, consult Lavoisiee, Experi-

ences sur la Eespiration, 1777 ; Spallanzani, Memoire sur la

Eespiration, 1803 ; Vierordt, Physiologic des Athmens, 1845

;

Eegnaxjlt et Eeiset, Eecherches chemiques sur la Eespiration des

Animaux des diverses classes, 1849 ; Pettenkofer, Ueber den

Eespirations und Perspirations-apparat im physiologischen Institut

zu Milnchen, 1860 ; and Angus Smith, Air and Eain. Consult

also article by Burdon-Sanderson on Eespiration in Handbook

for Physiological Laboratory, p. 288; and articles by Lauder
Brunton, in British Medical Journal, 1875. An excellent account

of the principles of ventilation is given in Parke's Hygiene.
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v.—ASSIMILATION OE, NUTHITION.

Having studied the history of the formation of blood, the

mechanism by which it is circulated through the body, and

the arrangements by which it receives new supplies of

oxygen, and at the same time has carbonic acid removed, we
have next to direct our attention to those intimate exchanges

which are constantly taking place between the blood and

the tissues. As has been already seen, every tissue is

brought into close relation with the circulating blood by

capillary arrangements. Any portion of living tissue may
be regarded as being surrounded on all sides by minute

capillaries in which a nutritious fluid is slowly passing along.

In proportion to the activity of the tissue, the capillary

plexus is more or less close and intricate. Thus, such tissues

as the grey matter of the brain or voluntary muscle are

supplied with so rich a plexus of capillaries as to bring each

portion of the tissue into almost immediate contact with the

circulating blood. On the other hand, in such tissues as

cartilage, where vital phenomena occur with comparative

slowness, the ultimate elements of the tissues exist at a

considerable distance from the blood, and they are nourished

by the transudation of fluids. In all tissues, however,

matters are being constantly absorbed from the blood by the

living protoplasmic elements. These matters may, under

the influence of the tissue, either be converted into matter of

the same nature as the tissue itself, be elaborated into more

complex, or be split up into simpler, substances. For

example, when a muscle works, chemical changes occur in it

which lead to a destruction or degradation of at least some of

the constituents of the muscle—the result being the forma-

tion of simpler chemical compounds. In this condition, the



410 SPECIAL PHYSIOLOGY,

muscle is in a state of fatigue, which is recovered from when

new materials are absorbed from the blood, and are used up

in tlie renovation of the muscle-substance. Here, apparently,

matters taken from the blood are converted into the substance

of muscle. On the other hand, the protoplasm of a fat cell

absorbs certain materials from the blood, which it elaborates

into fat, either directly or indirectly, by first changing them

into protoplasm and then into fat. In considering therefore

the function of nutrition, it is convenient to describe (1) the

interstitial phenomena, which include the passage of fluid

matters from the blood to the tissues and the reabsorption of

fluid by the bloodvessels ; and (2) the ultimate changes

which occur in the tissues themselves. Further, the pheno-

mena of nutrition are closely connected with the formation

-and history of a substance, named glycogen^ produced by

the liver.

A-INTERSTITIAL PHENOMENA IN NUTRITION.

It has been well remarked by Claude Bernard, that the

blood may be regarded as an internal inediuin, in relation to

which all the phenomena of nutrition take place. It is in a

state of perpetual change, receiving on the one hand new

materials from the outer world, or from the tissues ; and on

the other, giving up, in addition to the matters returned to

the outer world by the various excretory channels, sub-

stances required for the nutrition of the tissues. It receives

new materials, as stated on page 289, by various channels of

-absorption, and it gives up other matters by processes of

elimination occurring in the lungs, skin, liver, kidneys, and

bowels; and, as already mentioned, it supplies new materials

to the tissues. Considered in relation to the tissues, two

processes take place, namely, transudation and re-absorption.
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1. Transudation of Nutritive Matter.

During its passage through the tissues, the blood gives up

certain substances, namely, oxygen and other matters re-

quired for their repair. Each tissue appears to select from

these substances such as are required for its existence ; but

it need scarcely be said that this expression does not imply

the existence of any special power in the tissues, but simply

that in accordance with physical and chemical laws, when

any tissue is brought into relation with nutritive matters,

these combine with the tissue. This power has been termed

the selective affinity of the tissues. The process by which

nutritive matters pass from the blood to the tissues is in all

probability purely physical, governed by the laws which

regulate the passage of matters from a moving fluid through

an organic membrane. In the ultimate capillaries, such

matters pass through a thin organic wall, formed of endo-

thelial cells, and the change may be almost instantaneous.

The rapidity of such diffusion will no doubt partly depend

on the pressure of the blood in the capillaries, partly on the

resistance offered by the tissues themselves, and partly on

the pressure in the lymphatic channels. As to the rationale

of the selective influence of the tissues, we are in absolute

ignorance. It is only known, for example, that a fat-cell

takes up certain materials to form fat, but the nature of the

processes is still hidden.

Much discussion has taken place as to the part played by

oxygen in nutrition. Some have supposed that it traverses

the w\alls of the capillaries, so as to come into intimate

contact with the tissues; whilst others have stated that the

chemical phenomena resulting from the union of oxygen

with certain constituents, do not occur in the tissues, but

in the blood itself. It is probable that changes occur in

both situations, but chiefly in the former. Blood in passing
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through the tissues undoubtedly loses its oxygen, and it

has been shown that the introduction into the blood of

any substance which consumes oxygen, such as yeast, inter-

feres at once with the phenomena of nutrition. As has been

already explained (p. 296), oxygen is carried to the tissues

combined with H as HO, but the physical conditions of

temperature and pressure which load to the separation of

the O from the H are unknown.

2. Ee-absorption of Waste Matters.

The tissues give up to the blood CO2 and waste matters.

The proof of this statement is, that the blood returned from

an active tissue contains an excess of these materials; but it

is impossible to say whether the matters thus met with in

the blood represent all the products of the tissue-changes,

inasmuch as there is another fluid, the lymph, conveyed

from the tissues, in which some of the waste products might

be found. For evident reasons, our knowledge of the

intimate phenomena of re-absorption is still very obscure,

but the fact that it does occur is undoubted. It is important

for the student to remember that each particle of living

tissue gives up to, and receives from, the blood certain

materials, and that in particular each absorbs oxygen and

eliminates COg. There is thus a true respiration of tissues,

and each living element, from this point of view, behaves

like a microscopic aquatic organism.

B-ULTIMATE CHANGES IN NUTRITION.

The changes in the tissues, which have been called

ultimate, may be grouped under the terms Assimilation and

Disassimilation. By assimilation is understood those changes

by which the living tissues convert dead matter into matter
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similar to themselves; and by disassimilation, we mean

those changes by which living matter, of complex chemical

constitution, is resolved into simpler forms, in consequence

of the activity of the tissue.

1. Assimilation.

Assimilation is intended for the repair of waste of tissue,

and for growth. It has already been pointed out that

nutritive matters transude from the bloodvessels into the

tissues. These matters may be divided into two classes

:

(1) those (termed constituent principles) which are so assimi-

lated as to enter into the intimate composition of living

tissue, such as albuminous bodies, mineral matter, <fec.; and

(2) those {auxiliary p)rinciples) which are found in the fluid

bathing the living tissue, and which do not enter into the

constitution of the tissue itself, such as glucose, fat, &c. It

is important to observe clearly this distinction. For ex-

ample, some of the materials carried to a muscle by the

blood may never enter into the constitution of the muscle

substance, but are subjected in the muscle to certain

chemical changes which form an integral part of the function

of the muscle. Thus, it is probable that part of the heat

produced in a muscle results from chemical changes occurring

in carbo-hydrates carried to the muscle by the blood.

In attempting to follow the stages of the transformation

of dead matter in the blood into the living matter, say of

muscle, it may be observed that three stages occur: (1) Fix-

ation, by which the albumen of blood passes into the state

of albumen in the tissue-fluids; (2) Transformation^ by
which the albumen of the tissue-fluids is converted into the

myosine of muscle ; and (3) Vivication, by which the myosine

thus formed passes into the living state, and manifests the

phenomena of irritability, contractility, &c. There is no
doubt this is a very artificial mode of describing the changes,
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the various steps of which are at present only matter of

conjecture, but it assists the mind in understanding the

nature of the processes.

The formation of the anatomical elements of the tissues is

intimately related to their histological structure. Without

entering into details, it may be pointed out here that all

the tissues are built up of water, mineral matters, albu-

minous bodies, fats, and carbohydrates. The importance

of the first two has been already alluded to at pp. 26, 211-

213, and it is only necessary here to consider the formation

of albumen, fats, and carbohydrates.

a. Origin of Albuminous Matters.

All albuminates are derived from nitrogenous foods. It

has already been seen that the various albuminous articles

of food are converted by digestive processes into peptones,

a.nd it has been assumed that in one way or another these

peptones are converted into the albumen of the blood. This

is the generally received theory. But, if solutions of j)ep-

tones be introduced directly into the blood, there is an

increase of the nitrogenous matters separated by the kidneys,

even whilst there were no conditions, such as severe mus-

cular exercise, favouring waste of tissue. Consequently,

Fick and others have supposed that the peptones are never

actually incorporated with tissue, but only undergo changes

subject to its influence ; and that the albuminous constitu-

ents of the tissues must be derived from albumen directly

absorbed.

b. Origin of Fats.

The principal portion of the fats stored up in the body is

derived from the fatty matters introduced in the food, but

the exact stages through which the matter passes from the

state of fat as it exists in the food to the semi-fluid condition

J
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in a living fat-ceil are unknown. In Carnivora, undoubtedly,

the greater portion of the fat is thus obtained ; but in

Herbivora, and in many other animals, its appearance

cannot thus be accounted for. Thus, bees form wax, a kind

of fat, from saccharine substances obtained from flowers; and

geese fed on grain, which contains only a small amount of

fat, store up large quantities of this substance. Dumas
states that the Indian corn or maize on which a goose is fed

contains 9 per cent, of fat, and on calculating the quantity

consumed, he found more fat in it than was suj9S.cient to

explain the increased weight of the goose. These conclu-

sions were confirmed by the careful and extensive obser-

vations of Boussingault. Liebig, however, made several

very ingenious experiments upon swine. He says that

three pigs, to be fattened in thirteen weeks, require 1,000

lbs. of pease and 6,825 lbs. of boiled potatoes. These con-

tain together 26 lbs. of fat—21 lbs. in the pease, and 5 lbs.

in the potatoes. One fattened pig gives on an average 50 to

55 lbs. of fat—that is, the three together, 150 to 165 lbs.

Each animal, before being fattened, contains, on an aA'erage,

18 lbs. of fat—that is, 54 lbs. for the three. If to these

54 lbs. we add 26 lbs. from the food, we get 80 lbs.; and if

we subtract these from 150 lbs. to 165 lbs., there is a

remainder of 70 to 85 lbs. of fat produced from the starch,

&c., contained in the food. These experiments have been

confirmed by the more recent researches of Messrs. Lawes

and Gilbert, who found that, in fattening pigs, for every

100 parts of fat in the food, the animals stored up from

400 to 450 parts of fat in their bodies. [Hughes Benneit.)

It is evident, therefore, that fats may be formed from

other substances than the fat introduced in the food. Liebig

suggested the theory that they were derived from carbo-

hydrates. He supposed that one part of the carbohydrates

introduced in the food was oxidised into water and carbonic
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acid, whilst the remainder was transformed into fat. The

objections to this theory are that chemists have found it

impossible to transform carbohydrates into fats, and that

when animals are fed on carbohydrates alone, the amount of

fat formed decreases. Voit has suggested that the carbo-

hydrates do not contribute directly to the formation of

fat, but indirectly, by assisting in the decomposition of

albuminates.

It is now generally accepted by physiologists that a

considerable part of the fat of the body is formed from

albuminates. This view is supported by various well-known

facts. Thus, when albuminous tissues in the dead body are

subjected to the action of water, a fatty substance called

Adipocire is frequently formed. Animals have also become

fattened on a diet of pure caseine. Pettenkofer and Yoit

have shown that after a flesh diet, all the nitrogen appears

in the excretions, whilst a proportion of the carbon is

retained in the organism ; entering, probably, into the

formation of fat. Further, as shown by Pavy, any albu-

minous substance may be supposed capable of being decom-

posed into a nitrogenous portion of simpler constitution, and

into a non-nitrogenous residue, which may become trans-

formed into fat. It is impossible, however, to say whether

the albuminous matter thus decomposed has already existed

in the tissue or has been derived from the blood.

There are thus evidently two sources of fat : (1) the fat

contained in the food, and (2) from transformations in the

albuminous matters of food. The part played by the carbo-

hydrates is in all probability to combine with a certain

quantity of oxygen, forming carbonic acid and water,

thus preventing oxidation of the non-nitrogenous residue

already alluded to as proceeding from decomposition of

albuminates. It is well known that circumstances hindering

decomposition of albuminates and oxidization processes, such
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as deficient muscular exercise and deficient respiration,

fiivour the formation of fat.

When the amount of fat in the body passes a certain

limit, the condition is termed ohesity. To remove this state

it is necessary to attend to the following points : (1) no fat

to be taken in tlie food
; (2) active muscular exercise to be

indulged in for tlie purpose of increasing oxidation processes

;

and (3) no carbohydrates, but only albuminates, in the form

of lean meat, to be taken, so as* to allow the oxygen intro-

duced in respiration to attack the non-nitrogenous residue

produced by the decomposition of the albuminates, and thus

prevent the formation of fat. These are the scientific

principles lying at the base of the well-known empirical

system of Banting, which is often followed with remarkable

success.

2. DiSASSIMILATIOX.

This i^rocess is always carried on in the presence of

oxygen, and we would therefore assume that one of the

first steps IS the liberation of O from HO. The O thus

liberated enters into combina,tion with certain of the elements

of the tissues, so as to produce numerous chemical com-

pounds ; and as the result of this union, energy is set free

under various forms, such as heat, movement, &c. Again

the difficulty presents itself of being able to ascertain how
much of the O enters into combination with the elements of

Ihe tissue, and how much with the auxiliary constituents.

Suppose, for example, the mechanical work of a muscle to

be represented by 10; of this, 2 may be produced by oxi-

dation of muscle substance and 8 by that of auxilliary

matters ; but suppose the work of the muscle to be 30, and

that only 18 are represented by the auxiliary substances, it

is evident that the remaining 12 must have been contributed

by changes in the muscle substance. The practical fact
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however, remains, that activity of tissue is associated with

the production of simpler chemical compounds than existed

i\\ the tissue itself It is beyond the limits of this work to

describe in detail the disassimilation processes which have

been followed by physiological chemists, but a few may be

given here by way of illustration.

a. Disassimilation of Nitrogenous Matters.

1. Figments.—The pigments of the bile, bilirubine,

CjgHigKgOg, and biliverdine, Ci6H2oN2^5' ^^"® derived from

the decomposition of the colouring matter of the blood,

hsemoglobine. One of the j^igments of the urine, urobiline,

0:^2^^^^O^, is derived from bilirubine, a transformation

which probably occurs in the intestinal canal. The other

pigment of the urine, indican, or uroxanthine, CggHg^NO^^,

is believed to be formed by the union of indol, CgH^N, one

of the products of the decomposition of albuminous sub-

stances by the action of the pancreatic juice, with some

substance containing oxygen. This statement is founded

chiefly on the fact that the subcutaneous injection of indol

is followed by the appearance in the urine of a large quantity

of indican.

2. Bile Acids.—These are probably formed by the union

of a non-nitrogenous acid, cholalic, C24HJ0O5, with two

nitrogenous bases, glycocolle, C2H5NO2, and taurine,

C2H^NS05.

3. Urea.—It is well known that this substance, CH4N2O,

is derived from albuminous matters, through a series of

intermediate decompositions, the steps of which have not

yet been accurately traced. There can be no doubt that one

of the first compounds formed by the decomposition of

albuminous bodies is uric acid, 051141^403, and that urea

may be produced by the oxidation of this substance. If

uric acid be introduced into the circulation, there is an



DISASSIMILA TIOK. 419

increase of urea excreted in the mine, and frequently also at

the same time an increased quantity of oxalate of lime.

Animals living upon a highly nitrogenous diet, and in

which the respiratory processes occur slowly, usuall}^ excrete

a large quantity of uric acid. Such is the case in serpents
;

but as it is well known that the faeces of birds, whose

respiratory activity is very great, also contain a large quan-

tity of uric acid, there are grounds for supposing that, in

some circumstances, the origins of urea and uric acid are

different. Various opinions are held as to where urea is

formed. Some have supposed that it originates from the

decomposition of coloured blood corpuscles in the liver,

inasmuch as it is always found in this organ, and as it

diminishes or may even disappear from the urine in acute

atrophy of the liver. Others have held that it may be

formed in other organs, such as the lungs, spleen, brain,

&c.; whilst some have suggested that it is produced in great

part in the kidneys themselves. The latter view seems to

be untenable. The blood of the renal arter}'- contains more

urea than the blood of the renal vein, and when the kidneys

do not efficiently perform their functions, or are extirpated,

urea accumulates in the blood.

4. Uric Acid.—This acid, C5H4N4O3, is related to the

following nitrogenous compounds : Guanine, CsHgNsO

;

sarcine, C5H4N4O; and xanthine, C5H4N4O2, and it has been

obtained by chemical means from one or other of these

bodies. All of these substances have also been met wdth in

glands, such as the liver and pancreas, the spleen, the

thymus, and in muscles. Meissner has supposed that in

reptiles and birds, it originates principally in the livei-,

w^hilst others have thought that it might be partly derived

from the decomposition of colourless blood corpuscles, or of

connective tissues. The latter views are based upon the

pathological facts of the increased formation of uric acid in
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leucocytlicemia and in the gouty diathesis. The important

practical fact to remember is, that it is produced from

nitrogenous substances. Closely related to it is the sub-

stance known as allantoine, C4H6N4O3, met with in the

urine during foital life and after birth during lactation.

The following formulse represent various possible reactions

resulting from the decomposition of uric acid, and which

may account for the appearance in the urine of some of

the substances mentioned.

05H4N403 + H2O + O = C4H2N2O4 + CH4N2O
Uric acid. Alloxan. Urea.

C4H2N2O4 + = C3H,N,03 + CO2
Alloxan. Parabanic acid.

C3H2N2O3 + H.,0 ^ C3H,NA
Parabanic acid. Oxaluric acid.

C3H4N2O4 + H2O = CH4N2O + C,H,04
Oxaluric acid. Urea. Oxalic acid.

^.^,^,0, + SH^O = 2C,H,04 + 4NH3
Allantoine. Oxalic acid.

5. Various Nitrogen Bases. — These are— Creatine;

C4H9N3O2 ; creatinine, C4H7N3O
;
guanine, C^H^N^O ; sar-

cine, C5H4N'40 ; and xanthine, C5H4]Sr402. All have been

found in muscle-serum, and are believed to originate from

the transformation of albuminous matters. In all proba-

iDility they are steps in the formation of uric acid.

6. Leucine, CgHisNOg, and tyrosine, C^Hn^Os, are de-

rived from albuminous matters by the action of the pan-

creatic juice. Leucine has been found in many glands.

7. Cystine, C3H7NSO2, is a substance found in bile, and

is formed from albuminous matters. It is nearly related to

taurine, C2H7NSO3, one of the constituents of the bile acids,

but it has not been demonstrated that the one may be

transformed into the other.

8. Lecithine, C44H00NPO9; neurine, 651115X02; and phos-
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plioghjceric acid, C3H9POC, are products obtained by tlie

decomposition of nervous matters, but the steps leading to

their formation are practically unknown.

b. Disassimilation of Non-nitrogenous Matters.

All non-nitrogenous substances are finally resolved into

carbonic acid and water; but, in the course of transfor-

mation, various intermediate bodies may be formed. Thus,

the various volatile fatty acids, formic, acetic, propionic,

butyric, &c., may result from the decomposition of fats,

whilst lactic acid may be formed from carbohydrates.

The following formulae show how glucose may be ultimately

resolved into carbonic acid and water, and it will be

observed that at each step, with the exception of the first,

00-2 and HgO are formed :

—

+ 2H,0

+ H,0

+ H.O

+ H..0

the decomposition of glucose formed from glycogen, a sub-

stance produced in the liver. Oxalic acid, C2H2O4, may
be derived either from nitrogenous or from non-nitrogenous

CsH,,Oe = SCgHgOo
Glucose. Lactic acid

SlCeHgOa) + 20 = C^HsO., + CO2
Lactic acid. Butyric acid.

C.HgO, + 30 = C^H^O, + COo
Butyric acid. P;-jpionic acid

CsHeO, + 30 = C.,H,0., + CO,
P.-opionic acid. Acetic acid.

C.H^O, + 30 = CH,0, + CO,
Acetic acid. Formic acid.

CH,0, + - CO., + H.,0

Formic acid. Carbonic. Water

Lactic acid. C3H0O3, is chiefly produced in i

substances. Thus :

—

C4H9N3O, + 20 -= CaHgO^ + CgH^Ng
Creatine. Oxalic acid. Methylamine.

CeHisOe + 50 = 2(C.,H,04) + 2C0, + 5H,0
Glucose. O.sialic acid.
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Ill normal circumstances, the amount of oxalic acid formed

is very small, but in a state known as the oxalic acid

diathesis or oxaluria, it may be formed in considerable

quantity. When so produced, it appears in the urine as

oxalate of lime.

Cholestrine, C26H44O, is a substance richer in carbon

than any other non-nitrogenous substance. Flint has stated

that it is produced chiefly from nervous matter, and he

supposes further that it is eliminated from the blood by

the liver. Now it is Avell known that this substance may
be readily extracted from brain-matter by strong alcohol,

and that it exists in bile and forms the chief part of

gall-stones, but it is not easy to trace the connection

between the two facts. It exists in the yolk of egg, and

ill foetal tissues, where there are no nervous elements, obser-

vations which show that it cannot be regarded simply as

one of the products of the decomposition of nervous sub-

stances.

The two ultimate products of the disassimilation of non-

nitrogenous matters are carbonic acid and water. With

regard to the first, it may be observed that it is partly

obtained from the oxidation of carbohydrates, fats, and

vegetable acids, and partly from albuminous substances.

It has been estimated that about one-fifth part of the

CO2 eliminated is derived from albuminates. The amount

of water actually formed in tlie body is very small, and

it is produced by the excess of oxygen introduced in inspi-

ration over what is returned in expiration.

c. Disassimilation of Mineral Matters.

Many organic acids, such as malates, tartrates, &c., arc

converted into carbonates. Thus, the urine of herbivora

contains more carbonates than that of carnivora. The

phosphates are derived exclusively from food, except a
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very small amount which may be produced by the

decomposition of lecithin or phospho-glyceric acid. A
part of the sulphates arises from the sulphur of the

albuminous compounds, and it is probable, as suggested

by Salkowsky, that cystine and taurine are intermediate

products in this disassimilation. He also showed that all

the sulphur of the albuminous bodies is not eliminated as

sulphates.

a- THE PRODUCTION OF SUGAR OR GLTCOGENY.

The phenomena of nutrition are intimately related with

the formation by the liver of a substance called glycogen,

and with the changes which it undergoes in the tissues.

This remarkable function of the liver was first pointed

out, in 1849, by Claude Bernard. Since that date,

numerous researches have been made by Bernard, Pavy,

MacDonnell, and others, which have not only modified

several of the views first enunciated by Bernard, but have

thrown much light on the exact nature of the process, the

ultimate destination of glycogen, and the relation of the

function to the nervous system.

1. Nature of Glycogen.

If the liver be quickly removed from the body of a well

nourished animal during digestion, cut in pieces, and thrown

into boiling water, the morsels become in a few minutes firm

and crisp, and an opalescent or yellowish brown solution is

obtained. Add to this fluid about two-thirds of its volume

of 40 per cent, alcohol, and a flocculent white precipitate will

fall, which may be collected on a filter and dried. This

precipitate is impure glycogen. To obtain it quite pure, it

must be boiled for a quarter of an hour in a strong solution
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of potash; neutralize tlie carbonate of j)otasjli with acetic acid^

and reprecipitate the glycogen with alcohol. When so ob-

tained, it is an amorphous, colourless, inodorous powder,

soluble in water, and insoluble in alcohol and ether. Boiling

hydrochloric acid converts it into dextrine. It gives a violet

colour with iodine, reduces hydrated oxide of copper, and

rotates to the right a polarized ray of light. It is represented

by the formula CeHioOj, and is in all respects similar to

starch.

The amount of glycogen in the liver has been found to

vary in different species of animals. Thus, according to

MacDonnell

:

Dog, .

Cat, .

Rabbit,

Guinea-pig, .

Rat, .

Pigeon,

Glycogen has also been found in the liver of invertebrate

animals. It exists in greatest amount two or three hours

after a full meal; and it is diminished by fasting. After

death, it quickly disappears, being converted into glucose.

2. Origin of Glycogen.

The amount of glycogen formed is largely influenced by

the nature of the food. Carbohydrates are converted by the

digestive fluids into glucose, and the glucose passes into the

portal system. In the hepatic cells, a simple dehydration

may occur, with the result of forming glycogen. Thus :

Glucose. Glj'cogen.

Bernard has found that the injection of sugar into the

portal vein is followed by an increased formation of glycogen.

[latio of weight of body
to weight of liver.

Percentag-e of

Glycogen.

301 4-5

191 \-o

35-1 3-7

21-1 1-4

261 2-5

441 2 5
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But tlie substance may be produced even after the careful

exclusion of all carbohydrates from the food. It has been

supposed by some that it may be partly derived from fats.

Thus, the injection of olive oil or of glycerine into tlie

alimentary canal has been said to have caused an increase
;

but tlie experimental evidence is doubtful. As regards the

possible origin of glycogen from albuminous matters, great

doubt exists. An excess of gelatine in the food usually

causes increased production. The injection of albumen into

the stomach is followed by no increase; but Bernard, Kiihne,

and most physiologists are inclined to hold that in the liver

albuminous matters split up into a nitrogenous portion,

—possibly urea—and a non-nitrogenous portion, which may
become glycogen. But it is remarkable that glycogen may
be formed even during complete starvation, and that it

accumulates in the livers of hybernating animals, whilst

these are taking no nourishment. It would thus appear

that, under some circumstances, glycogen may be formed

independently of matters furnished from the alimentary

canaL The presence of glycocine in one of the bile acids

(glycocholic) has suggested to Kiihne and Heynsius the

notion that it may split up into urea and glucose, the latter

being afterwards converted into glycogen ; and they have

found that the introduction of glycocine directly into the

blood is followed by an increase in the amount of urea in

the liver and urine, and of glycogen in the livei\

3. Sugar of the Liver.

If a few morsels of liver, an hour or two after the death

of the animal, be thrown into boiling water, so as to make
an infusion, and the infusion be tested for sugar, it Avill be

found that a large amount of this substance is present, A
still more satisfactory demonstration may be obtained by
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introducing the nozzle of a syringe into the portal vein, so

as to wash out the liver with cold water—the washings

being collected at intervals from the hepatic vein. On
testing the washings, it will be found that the first portions

contain a large amount of sugar, and that the amount

diminishes in each successive portion, until no reaction is

obtained. If, however, the operation be repeated two hours

afterwards, the presence of sugar will be again indicated.

As> a rule, a perfectly fresh liver, that is, one removed

quickly from an animal just killed, and thrown into boiling

water, shows only faint traces of sugar ; but if it be left for

even a few minutes to a temperature of 60" Fah., sugar is

present in abundance. Immediately after death, there is

apparently a rapid transformation of glycogen into sugar.

Thus, Dalton found 1"8 of sugar per 1,000 after five seconds,

6*8 after fifteen minutes, and 10-3 after an hour. Pavy has

strongly held that the formation of sugar is a post-mortem

phenomenon, and that it never exists during life ; a view

which has been contested chiefly by Claude Bernard. The

latter physiologist has shown that even in the living animal,

whilst the blood of the portal vein gives no trace of sugar,

the blood of the hepatic vein always contains a small quan-

tity. The fact appears to be that even during life a very

minute quantity may be present, and that the amount

increases rapidly after death. The author, in class demon-

strations, has always found it impossible to prove to students

the entire absence of sugar from a j^erfectly fresh liver.

4. Transformation of Glycogen into Sugar.

In 1855, Claude Bernard showed that glycogen is trans-

formed in the liver into glucose under the influence of a

ferment which exists in the liver itself. He also pointed

out that the transformation is at once arrested by plunging
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the liver into water at 100°C. or into water at 0°C. ; and lie

explained these facts by stating that the extremes of heat

and cold coagulated, or otherwise changed, the fermentive

matter. The isolation of this ferment presented great diffi-

culties, but Bernard has succeeded in extracting it from

the liver by means of glj^cerine. It is interesting also to

find that he has proved the identity as regards chemical

activity between the ferment thus separated from the liver

and the diastase of germinating grain. Thus, Clande

Bernard has discovered another point of resemblance between

animal and vegetable organisms. He was the first to show

that a substance j)T^t3cisely similar to starch was formed in

the animal body ; and he has now completed his labours by

demonstrating the existence in the animal body of a fermen-

tive matter similar to what converi;s the starch of the ger-

minatins: STrain into sugar, ^
C3 O

5. Sugar in the Blood.

The presence of sugar in the blood of diabetic patients

has been long known, but its relation to the glj'cogenic

function of the liver was first pointed out by Claude Bernard.

If a dog be fed with flesh free from sugar, whilst the blood

of the portal vein will contain none, some Avill be found in

that of the hepatic vein, the inferior vena cava, the right

heart, and the arterial system generally. In this case,

therefore, the sugar does not disappear in the lungs, but in

the capillary system. On the other hand, if the diet suj;-

ply a considerable quantity of glucose, it is absorbed, and is

^ The author has frequently obtained glycerine-extracts of liver

which convert starch into sugar. He has also ascertained that

glycerine-extracts of other organs, such as lung, brain, spleen, and

muscle, have sometimes the same effect, though to a feebler degree.

The extract of muscle rarely fails. This observation indicates that

the ferment may exist in other organs than the liver.
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found in variable amount in the vena porta. Sometimes even

the amount in the vena porta is greater than in the hepatic

vein, but the amount in the general system of vessels is not

proportionately increased. Thus it would appear that the

amount of sugar in the portal vein depends on the nature of

food, whilst the amount in the hepatic veins and general

system depends on the activity of the liver. Bernard has

foi^md '9 per 1,000 in the blood of man, 1 -7 in the ox, -99 in

the calf, and '91 iu the horse. ^ When the amount is largely

increased, it is separated by the kidneys, and the state is.

known as glycosuria or diabetes.

6. Transformatiox of the Sugar in the Blood.

It was at one time supposed that the sugar entirely

disappeared by oxidation in the lungs, a view which was

apparently supported by the anatomical arrangements, and

by the fact that glucose is very oxidizable, more especially

in an alkaline fluid, such as the blood. But it is negatived

by the fact that the quantity of sugar in the blood of the

left heart is not much less than that in the right heart, and

that sugar is also found more or less in the blood of all

^ Pavy has recently, in communications to the Royal Society,

disputed the accuracy of Bernard's methods of analysis, and has

given an elaborate account of his own. He has been unable to

support Bernard's statement that there is less sugar in the blood of

the venous than in that of the arterial system, and therefore he

objects to the theory urged by Bernard, that sugar disappears in the

capillaries. He also shows that the sugar in blood gradually disap-

pears after death, the blood becoming acid from the development of

lactic acid. So far as the author can judge, Bernard has brought

forward sufficient evidence to show the probability of his theory

being correct, but the demonstration does not amount to proof.

While disputed by so able and accurate an observer as Pavy, the

matter must still be regarded as sub judice, and demanding fresh

investigation.
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tissues, and especially in muscles. Physiologists generally

are now of opinion tlia,t the sugar is used up chiefly in

the muscles, and that in some way it contributes to their

activity and the production of heat. It has been ascertained

that after a muscle has been tetanized, it contains less

sugar than before, and the appearance of diabetes during

the action of curare, a substance which completely paralyzes

all voluntary muscles, has been accounted for by supposing

that the inactive muscles do not consume the glucose sup-

plied to them, and that consequently this substance accumu-

lates in such quantity in the blood as to be eliminated by the

kidneys. As regards the role of glucose in supporting

animal heat, no satisfactory evidence has as yet been afforded,

the only experimental fact being the alleged fall of tempera-

ture in animals from whom, by a strict diet, all external

supplies of glucose have been cut off. Finally, it is not at

all improbable that a portion of the glycogen or glucose may
contribute to the upbuilding or histogenesis of tissues, a

statement which is supported by the well-known fact that

these substances abound in

embryonic tissue, where histo-

genetic changes occur

great rapidity.

ith

7. Relation of the Nervous

System to Glycogenesis.

Claude Bernard was the first

•to point out that a puncture

of the floor of the fourth ven-

tricle, at the origin of the

pneumogastricnerves,produced

.temporary diabetes, that is,

the appearance of sugar in the urine,

.puncture is shown in Fig. 115.

Fig, 115.—Posterior view of the
Medulla Oblongata, and part of the
Cerebellum of a rabbit, a, situation

of the puncture followed by diabetes.

The seat of the
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After the operation, the vessels of the liver are dilated

and engorged with blood. There appears to be a vaso-motor

paralysis in the liver. Dia-

betes has also been observed

to follow injury of the cere-

bral lobes in man, of the

cerebellum, of the cerebral

peduncles, pons Varolii, mid-

dle peduncle of the cerebel-

lum, and of the cervical

sympathetic cord and sciatic

nerve. Cyon and Aladofi

have endeavoured to trace

the nervous communications

by which these effects may

be produced, and the results

of their researches, as ap-

plied to man, are given in

Fig. 116.

As has already been seen

in studying the innervation

of bloodvessels, p. 367, the

vaso-motorcentre from which

constant stimuli pass to all

the vessels of the body, so as

to keep these in a state of
on each s-ide of the subclavian artery, and -, ,

, ,. • •>

formino- the annuius of Vieussens ; e, first moderate Contraction, IS Sit-

uated in the medulla oblong-

ata. The vaso-motor fibres

for the liver pass from the

Fig. 116.—Diagram showing tlie course
of the vaso-motor nerves of the liver, ac-

cording to Cyon and Aladoflf. These nerves
are indicated by the dotted line which
accompanies them : a, vaso-motor centre ;

b, trunlv of the vagus ; c, passage of the
hepatic vaso-motor nerves from the cord
along the vertebral artery ; d, fibres going

dorsal ganglion
; /, gangliated cord of

the sympathetic ; g, the spinal cord ; h,

splanchnic nerves; i, coeliac ganglion, from
which vaso-motor fibres pass to the hepatic
and intestinal vessels ; k, the lungs, to
which the fibres of the vag-us are seen to be
distributed; I, the liver; m, intestine; pp,^+,,p rlown +hp «iTiinnl cord
and n, the arch of the aorta. {Lauder Ceiltie UOWn ZHe Spinai COia

jjrunton.) f^^ a Certain distance, and

issue from thence into the sympathetic, and by it through

the splanchnics to the liver. Cyon and Aladoff state that
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tliey leave the cord by fibres, c, wliicli accompany the

vertebral arteiy, passing in them to the lower cervical

ganglion. From thence they proceed in two bundles, d, one

of which passes on either side of the subclavian artery,

forming the annulus of Yieussens, to the first dorsal gan-

glion, e, and thence through the gangiiated cord of the

sympathetic, f, to the coeliac ganglion, i, and along the

hepatic vessels to the liver. [Lauder Brimton.) If these

nerves be divided at any point, it is evident that vaso-

motor paralysis will occur in the liver, the vessels dilate, the

fjow of blood through the liver is increased, and there may
be an increased production of sugar. It appears that section

of the sympathetic cord between the tenth and twelfth ribs,

and section of the splanchnics, ma,y be performed without

sugar appearing in the urine, a somewhat perplexing fact

which has been explained by Cyon as follows : He points

out that "it is not mere dilatation of the hepatic vessels,

but increased circulation through them, which accelerates

the formation of sugar ; and the width of the vessels is of

little consequence unless there be sufficient blood to fill

them. Now, the vessels of the intestine, especially when

the digestive canal is long, as it is in rabbits, are so capa-

cious that, when dilated, they can hold as much blood as all

the rest of the vascular system put together, and their vaso-

motor nerves are also contained in the lower part of the

cord and in the splanchnics. Consequently, when these are

divided, the vaso-motor nerves of the intestine become

paralysed as well as the hepatic ones, the vessels tliemselves

dilate, and retain so much blood that there is not left

enough to increase the flow of blood through the liver, even

though its vessels may be standing wide open to receive it.

But if the vessels of the liver be first dilated, and the cord

and splanchnics be then cut, the formation of sugar is not

arrested; for the liver, having once a brisk circulation
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€stablisliecl in it, keeps it up, although the intestinal vessels

may have become dilated." (Lauder Brunton's Lecture,

Brit. Med. Jour., 1874, p. 40.) It is evident also that the

hepatic vessels may become dilated not only by direct

interference with the vaso-motor centre, but by an inhibitory

effect on this centre exercised by sensory nerves. Thus if

the pneumogastric be cut in the neck, stimulation of the

lower end produces no effect on the liver ; but if the upper

«nd be irritated, the vessels of the liver dilate, the circula-

tion increases, and sugar appears in the urine. This is to

be explained by certain fibres of the pneumogastric exer-

cising an inhibitory influence over the vaso-motor centre.

The hepatic vessels may also be reflexly dilated by irri-

tation applied to the vagus, either at its ends in the lungs,

liver, or intestine, in its trunk or at its roots in the medulla,

or to the cerebrum, cerebellum, 23ons, and probably some of

the sympathetic ganglia. {^Lauder JBrunton.) Any marked

increase in blood pressure affecting the vessels of the liver

may cause increased production of sugar, and its appearance

in the urine. Interference with the vaso-motor centre or

nerves will chiefly affect the calibre of the hepatic artery,

which becomes dilated. As this is followed by increased

production of sugar, the inference is that the blood of the

Iiepatic artery may carry to the liver the materials for

forming the glycogenic ferment.

Consult regarding the glycogenic function of the liver, Lauder
Bruiston's admirable lectures in the British Medical Journal, 1874,

where numerous references to original papers are given, and our

knowledge of the physiology of the production and consumption of

^sugar is applied to the explanation of many of the phenomena of

diabetes. The latest communications on this subject hy two dis-

tinguished observers, who have devoted special attention to the

subject, are: Claude Bernard, Critique Exp^rimentale sur le

Mecanisme de la Formation du Sucre dans le Foie, Annales de

Chimie et de Physique, Novembre, 1877; and F. W. Pavy on the

Physiology of Sugar in relation to the Blood, communicated to the

Eoyal Society in July, 1877.
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Conditions of Healthy Nutrition.

Tlie conditions of healthy nutrition are as follows :

—

1. A proper supply of blood.—If the principal vessel of a

limb be ligatured, the limb becomes for a time cold and

powerless until the circulation be re-established through

collateral vessels ; but if the supply of blood be entirely

cut off suddenl}^, as by ligaturing all the vessels, moist

gangrene soon appears; if more slowly and gradually, as

by pathological changes in the vessels, dry gangrene is the

result, as may be seen in the senile gangrene of aged people,

or in the form caused by the action of ergot of rye. 0&.

the other hand, actively growing parts have always a rich

supply of blood.

2. A iwoper quality of blood.—As already explained on

p. 205, this implies that all the processes of nutrition are

properly performed. If one of these processes be disturbed,

the nutrition of the body as a whole, or of an organ of the

body, is affected. By the due performance of all of these

processes, the blood is maintained in a healthy state. It

is remarkable that in a vigorous individual, if the blood

become vitiated, there appears to be an effort on the part

of the various excretory organs to get rid of the noxious

matter. Thus, during the course of fevers, and more espe-

cially in what physicians have long recognized as the critical

stage, or crisis, there may be diarrhoea, profuse diaphoresis

or sweating, epistaxis, or bleeding at the nose, or the

appearance of large quantities of urates in the urine, after

which the individual may proceed towards recovery. Sir

James Paget has pointed out many interesting examples of

how the nutritive changes occurring in one organ may affect

the whole body. Thus the development of the beard in men^

of the mammae in women, and the changes in form, more .or

2 E
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less of the whole body, are examples of nutritive changes

associated with the appearance of the capacity for repro-

duction at the age of puberty, indicating that there is some

kind of correlation between the nutrition of the reproductive

organs and of other parts of the body. The same fact

is illustrated by what is seen in the lower animals. Thus,

in the majority, the two sexes are alike until the time of

puberty, when a divergence occurs, as may be seen in the

greater size of the male, and in the development of various

epidermic appendages, such as the mane of the lion, the comb

of the common cock, and the magnificent tail feathers of

many birds. These facts have been included under the term

complemeiital nutrition, the idea being that the nutrition of

one part is the complement of the other, and is intimately

associated with it.

It would appear also that all tissues are liable to the two

following influences: (1) if the nutrition of a tissue be afiected

by some external influence, such as the action of the vaccine

virus, or the poison of any of the eruptive fevers (small-

pox, scarlatina, measles), the nature of the tissue is so pro-

foundly altered as to give it an immunity from the action

of the virus for a considerable time; and (2) that a tissue

so altered tends slowly to revert to its original condition,

just as a reversion to some ancestral form may be observed,

as pointed out by Darwin, in artificial races of pigeons and

dogs. These views, ably urged by Sir James Paget, afford

a rational explanation of the influence exerted by vaccina-

tion over the body, an influence so profound as to secure

the individual against an attack of unmodified small-pox

for sixteen or seventeen years, beyond which time, however,

the tissues slowly return to their original state.

Again, if we consider the phenomena of nutrition as con.

sisting essentially in molecular change, it is necessary to

assume as an explanation of the persistence of form for
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perhaps many years, that each living element of tissue so

operates upon the nutritive matter brought to it by the

blood as to convert it into matter almost precisely similar

to itself. Thus, we may conceive particle by particle removed

and the edifice still having the same form, inasmuch as fresh

particles precisely similar are introduced. But it is signifi-

cant that slow changes do occur. A tissue apparently is not

kept in exactly the same condition for any length of time.

During the early period of life, it advances to a condition of

greater strength and higher vitality; but afterwards, when

a maximum has been reached, it slowly retrogi'ades until the

tissues of old age are unlike those of youth.

3. A healthy state of the tissue itself.—A healthy tissue

will continue in this state unless a strong influence be

exerted upon it. If it become what we term unhealthy,

that is, if nutritive changes of a different kind or of a

diflferent intensity are induced, this morbid condition also

tends to become perpetuated. Thus we may explain the

persistence of tumours, either simple or what are called

malignant, and the inveteracy of many diseases of the skin.

But even in pathological conditions, the same law of a ten-

dency of a reversion to what may be called the normal type

may be observed.

4. A certain influence of the nervous system.—Section of

a motor nerve is followed by wasting of the muscles supplied

by it. Section of a nerve supplying the bloodvessels of an

area of mucous membrane or of skin causes ulceration and

destruction of the part. The limbs of the paralytic waste,

unless the muscles be frequently artificially excited to con-

tract. These facts show the influence of the spinal cord and

motor portions of the nervous system; but it is not easy to

account for the well-known influence of psychical conditions.

There is scarcely an organ of the body the functions of which

may not be more or less afiected by various conditions of the
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mind. Tlins joy or sorrow, a light lieart or a mind brooding

with anxiety, exercise an influence over the nutrition of the

body. Asa rule, a contented and happy frame of mind and

freedom from care favour nutrition ; whilst worry or melan-

choly diminish it. Again, hope and confidence seem to be

favourable towards recovery even from serious diseases, but

fear and foreboding of evil may aggravate even simple mala-

dies and tend to make dangerous ones fatal. When the

exact physiological processes associated with psychical states

are understood, these facts may be accounted for.

Growth.

Growth may be either special or general. Thus we may
have growth of a particular organ, as in the development of

the thymus gland during foetal life, the increase in the size

of the uterus during pregnancy, or the increase in the size

of the muscles of the arm following severe but regular mus-

cular exercise. When growth is limited, it may be termed

hypertrophy, or increase of growth, as opposed to atrophy, or

diminution. Again, growth may be general, afiecting not

one tissue or one organ, but the whole body, as occurs in

early life. Regarding nutrition as consisting essentially in

processes of assimilation and disassimilation, it will be seen

that when the first is in excess there is growth; when both

are equal, there is decline ; and when the second is in excess,

there is wasting.

From the histological point of view, growth may consist

:

(1) of an increase in the volume of tissues already existing

;

(2) of the development of the elements of other tissues which

previously existed in an undeveloped state ; and (3) of both

of these changes. Thus, the walls of the uterus, in the

.virgin state, are thin and contain only a comparatively small

number of involuntary fibres. During pregnancy, however.
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numerous fibres are probably produced from nucleated proto-

plasms hitherto in an undeveloped state, so that the wall of

the organ becomes thick and powerful. The same phenom-

enon, though to a less degree, probably occurs in such a

voluntary muscle as the biceps. With regular exercise, this

muscle, in man, may become at leastone-thirdthickerthanwhat

it would be if kept in a state of inactivity. But the size of

the individual fibres is unaltered, and the increase in thickness

appears to be due to the development of new fibres, the

elements of which previously existed. It cannot be said that

the last statement has been proved, and it may be that

activity of a muscular fibre not only strengthens this in-

dividual fibre, but, by division or budding of protoplasmic

elements, may lead to the production of new fibres.

The following conditions favour growth : (1) activity; (2)

increased supply of blood; (3) integrity of the nervous

system.

No satisfactory explanations have yet been given of the

causes of arrest of growth. What are the conditions that

determine the maximum size of an organ or of a muscle, or

the bulk of an animal 1 Such enquiries are too speculative

to fall within the plan of this work.

Consult Paget's Surgical Pathology, edited by Turner, Lects.

I.-III. ; Herbert Spencer's Principles of Biology, vol. I., p. 107.

VI. -SECRETION.

Whilst the blood is passing through the vessels, it not only

gives up materials for the nourishment of the various tissues,

but also has certain matters separated from it by structures

termed glands, which may either be the channels for their

immediate removal from the body, or the glands may trans-
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form them into substances of a different kind. Such mater-

ials separated by glands are called secretions, if they are

destined to be of further use in the economy, and excretions

if they are at once removed as waste products. Thus, saliva

may be regarded as a secretion, whilst urine is an excretion.

Strictly speaking, this is an arbitrary distinction, inasmuch

as the two processes are practically identical. Urine is in

the first instance secreted and afterwards excreted. Still, for

practical purposes, it is important to distinguish between the

two.

The anatomical conditions of secretion are essentially (1)

a membrane more or less defined
; (2) a layer of epithelial

cells on one side of the membrane ; and (3) bloodvessels on

the other side. From these simple anatomical arrangements,

as was first indicated by Sharpey, all the various forms of

glandular structure may be evolved. This important general-

ization is illustrated by Fig. 117.

Fig. 117.—Anatomical arrangements of secreting structures, a. a,

epithelium, composed of secreting nucleated cells ; 6, membrana pro-
pria, or basement-membrane ; c, layer of capillary bloodvessels, b.

Simple glands, straight tube to the left ; sac in the middle ; and coiled
tube to the right, c. Compound tubular gland, e. Multilocular crypts,
to the left, of a tubular form, and to the right, saccular, d. Kacemose
or compound saccular gland. The dotted lines represent the layer of
epithelium.

The function of secretion is closely related to that of

nutrition. Both depend, to a certain extent, as was first

pointed out by John Goodsir, on the growth and develoj)ment

of structural elements. The older physiologists supposed
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tliat tlie elements of secretions previously existed in the

blood, and that the process consisted essentially of the

passage of these elements from the blood into the glands.

Goodsir showed, by observations made on the cells of the

ink-bag of the cuttle-fish, that the growth and development

of cells played a most important part in the process. More

recent facts have shown that the physical condition of blood

pressure exercises a considerable influence, and that some of

the elements of secretion are separated from the blood by a

process of filtration, in which the propelling agent is the

pressure of the blood. It is difficult to assign to each of

these two elements its exact importance. Thus, in the

secretion of saliva, Ludwig showed that the pressure in the

salivary ducts might exceed that in the bloodvessels, and

still secretion would go on ; and, on the other hand, it has

been proved that the separation of water from the blood by

the kidneys is chiefly effected by the pressure of the blood in

the capillaries of the Malpighian tufts.

The chief physical and chemical characters of the various

secretions, are described in connection with each secretion,

and the influence of the nervous system, as illustrated by

what is known of the innervation of the salivary glands, has

been described at p. 234.

Consult Sharpey, art. Secretion, in Cyclopaedia of Anatomy and

Physiology ; Goodsir's Anatomical Memoirs, edited by Turner,

vol. II., p. 412; Quain's Anatomy, vol. II., p. 231.

The various phenomena of elimination of waste matters

by the tissues, and the formation and circulation of lymph

have already been described, pp. 279-284, and the only stage

in the process of nutrition still requiring discussion is that

of excretion, by which matters hurtful to the tissues are

separated by various channels.
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VII.—EXCRETIO^T.

Matters hurtful to the tissues are separated by five

channels, namely, (1) the lungs
; (2) the bowels ; (3) the

liver; (4) the skin; and (5) the kidneys. The lungs separate

chiefly carbonic acid and aqueous vapour, as has been

described at pp. 397-399 ; and the bowels separate excre-

mentitious matters, as shown at p. 270.

A -EXCRETION BY THE LIVER.

The general anatomical form and minute structure of the

liver are described in all anatomical works. It consists

essentially of a large number of minute lobules, each of

which may be regarded as forming a liver in miniature.

The various lobules are separated from each other by a thin

layer of connective tissue forming a capsule, which is more

or less marked in different species of animals. Each lobule

receives a supply of blood from two sources, namely, (1)

from the portal vein, and (2) from the hepatic artery. The

first conveys blood to the lobule which has already passed

through the capillaries of the stomach or intestines, and

which is richly supplied with matters absorbed during its

passage ; whilst the second conveys arterial blood for the

direct nourishment of the vessels, connective tissue, &c., of

the lobule. From the blood of the portal vein, the hepatic

cells in the lobule secrete various matters, some of wliicli

they pour into the origins of hepatic ducts, so as to form a

fluid called hile. The blood is conveyed from the lobules by

the origins of the hepatic vein, which vessel pours it

into the vena cava. This blood has lost certain materials

which have been separated from it to form bile, and it has

o-ained other materials which have been elaborated bv the
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hepatic cells. It will thus be seen that the functions of the

hepatic cells are of a very complex character, inasmuch as

they separate or form not only the elements of bile, but also

are the seat of the changes which result in the formation of

glycogen, sugar, diastasic ferment, urea, tfec.

(a) The HeioatiG Cells.—These are of a compressed

spheroidal or polyhedral form, having a mean diameter of

about the y Jo''^^ '^f ^^ inch. They have no cell wall, but

are composed of granular protoplasm in which a nucleus is

ioibedded. In the nucleus, two or more nucleoli may be

seen, and there are frequently also small pai'ticles of fat or

amyloid matter.

(b) Orighis of the Hepatic Ducts.—These consist of fine

intercellular passages forming a network between and

around the individual cells. These minute bile ducts,

according to Chrzonszczewsky,^ are found chiefly on the

flattened surfaces of the cells, the edges or borders being

occupied by the blood capillaries.

Regardmg the more minute structure of the liver, consult Quain,

vol. 11.
, p. 386.

The functions of the liver are as follows: (1) to form bile;

(2) to form glycogen and a glycogenic ferment; (3) to form

fat ; and (4) it effects changes on blood corpuscles.

1. Formation of Bile.

The general physical and chemical characters of bile have

been already described at p. 258. It is secreted under a low

pressure, amounting in the cat to about 20 mm. of mercury.

The secretion is constant, but it may not constantly flow

into the intestine. In animals possessing a gall-bladder, it

accumulates in this organ until the pressure in it overcomes

the resistance at the opening of the common bile duct.

^ Said to be pronounced as if written Chron-zin-dofsky.
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Movements of the abdominal muscles also probably assist in

its onward flow.

a. Influence of the Circulation on the Secretion of Bile.—
The secretion is affected by changes in the amount of blood-

pressure in the capillaries of the organ. Thus, it is increased

by injecting blood into the veins, and it may be diminished

by bleeding or by compression of the aorta. If the flow of

blood through the portal vein be obstructed, the secretion

diminishes or may be suppressed, and death speedily occurs.

Again, the amount will be affected by the readiness with

which blood flows away by the hepatic vein. An obstruction

to the hepatic circulation first increases the secretion, but

afterwards diminishes it. Ludwig and Schmulewitsch have

succeeded in maintaining the secretion, for some time after

removal from the body, by passing a stream of warm
defibrinated blood through the liver of a rabbit. The

influence of the circulation on the secretion of bile deserves

more careful investigation, as a knowledge of the conditions

might enable us to explain many pathological phenomena,

such as congestions of the organ, and jaundice, occurring as

consequences apparently of congested states of abdominal

viscera.

b. Influence of the Nervous System on the Secretion of

Bile.—Nothing definite is known regarding the influence of

the nerves distributed to the liver on biliary secretion. The

vaso-motor filaments are undoubtedly partly in the pneumo-

gastric and partly in the splanchnics, so that section of the

latter, or of the pneumogastric in the neck, is followed by

congestion of the organ. Section of the vagi below the

diaphragm is said to produce no effect. Pfliiger states that

he has seen secretion of bile continue after section of all the

hepatic nerves. He also says that galvanization of the

liver arrested the secretion. The whole of this department
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of nervous physiology is in obscurity, and merits investi-

gation.

2. Excretion of Bile.

When the bile reaches the small intestine, it exercises, as

pointed out on page 261, a comparatively feeble influence

on the elements of chyme; but in the great intestine, at

least a portion of it is decomposed, whilst the remainder is

excreted unaltered in the faeces. The bile acids are split up

into cholalic acid, glycocine, and taurine ; and the colouring

matter, bilirubin, is transformed into urobiline, which is

reabsorbed to appear again as one of the pigments of the

urine. It is probable, also, that the most of these sub-

stances are reabsorbed. Again, some of the bile acids may
unite with neutral fats to form soaps, which are absorbed.

It adds to the complexity of the transformations of the bile

when we recollect that all the matters thus reabsorbed by

the portal capillaries are conveyed back again to the liver,

so that this organ appears to produce certain compounds

which are thrown into the alimentary canal, there decom-

posed, their constituents reabsorbed, and carried back again

to the liver, probably to form other compounds.

3. Formation of Fat hy the Liver.

If we examine the hepatic cells of any of the domestic

animals, especially those kept in confinement, fat globules

are always seen in considerable numbers. Again, it is well

known that in what is known to pathologists as fatty liver,

the cells are filled with fat. This tendency to the formation

of fat is probably connected with the production of glycogen.

Thus, it has been supposed that glycogen in the liver may
not only be transformed into sugar, but, in some circum-

stances, also into fat. If the fat be removed as quickly as

it is formed, it may be oxidised in the tissues, or it may be
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stored up in the adipose tissue of some other organ ; but if

from interference with oxidation processes, it is not con-

sumed, it apparently remains in the hepatic cells which

become swollen, so that the aggregate size of the liver

becomes increased. Thus there a})pears to be some kind of

relation between oxidation changes, or, in other words,

activity of respiration, and the formation of fat by the liver.

In the embryo, and in fishes, where respiration is not veiy

active, the liver is large ; whereas in birds, which have an

active respiration, the liver is very small. If a goose be

kept from exercise, and fed with food rich in oils and

carbohydrates in a hot and close atmosphere, the liver

becomes fatty, increases enormously in size, and constitutes

the pate dufoie gras of Strasburg. We also observe similar

changes, though to a less degree, in the li\'er of many
residents in tropical countries, where they breathe a rarefied

atmosphere, if they live on a rich diet and take too little

exercise.

4. Changes Effected hy the Liver on Blood Corpuscles.

Various facts indicate that in the liver there is a destruc-

tion or consumption of blood corpuscles. Thus if h^emo-

globine be injected into the portal vein, there is an increased

formation of bilirubin ; and it has been supposed that

the bile pigments are derived by the separation of y
from the coloured corpuscles. But what comes of the iron

existing in H ? It is not found in the hepatic substance, nor

in the bile. It is possible, therefore, that in the liver, whilst

old coloured corpuscles are decomposed, and their y liberated,

to be transformed partly into bilirubin, that at least a

portion of the H may be used in the manufacture of new

corpuscles. In embryonic life, the liver abounds in colour-

less cells, and frequently nucleated cells are met with ; and
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Mccording to Lehmann, the blood of the hepatic vein is

richer in corpuscles than the blood of the portal vein.

It Dinst be confessed that our knowledge of the physio-

logical changes in the liver is still very obscure. Evidently

it is the seat of numerous chemical changes, of which the

most apparent result is the formation of bile ; but it is

quite possible that the formation of this fluid may be less

important than some other phenomena, such as the for-

mation of glycogen, the manufacture of the diastase which

transforms the glycogen into sugar, the production of urea

or uric acid, or the development or destruction of blood

corpuscles. Again, on considering the comparatively simple

structure of a hepatic lobule, as revealed by the microscope,

one cannot help thinking that all the processes going on in

the liver may have some physiological correlation.

Consult Lauder Bruntox, Functions of the Liver, iu the Hand-

book for the Physiological Laboratory, p. 495 ; also, Beaunis'

Physiologic, p. 464. Regarding the action of drugs upon the liver,

see Report by the Edinburgh Committee of British Medical Asso-

ciation, Reporter, Hughes Bennett ; and the more recent elaborate

researches by Rutherford and Vignal, published in the Scientific

Reports of the British Medical Association.

B~EXCRETION BY THE SKIN.

The skin not only serves as a very efficient protective

covering to the body, but is a most important organ, con-

stantly excreting water, fatty matter, and salts. It is also the

seat of what is termed cutaneous respiration. The epidermis,

hair, and various appendages which grow from its surface,

may, in addition to the special purposes they are fitted for,

also be reojarded as excretions.
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1. General Structure of the Skin.

a. The Epidermis, or scarf skin, forms the outer layer of

the -skin, and consists of epidermic cells, round below,

compressed above, and flattened externally. It varies in

thickness in various parts of the body, being thin over the

lips and flexures of the joints, and thick where it is subject

to pressure, as on the fingers and heels. On making a thin

vertical section from without inwards, it is seen in the last

situations to be composed of flattened epidermic cells

adhering together. Below this, they are fusiform, and,

between the papillae or projections of the corium, they

may be seen in various stages of formation. As they are

pushed outwards, they undergo a chemical change, the walls

being at first soluble, but afterwards insoluble, in acetic acid,

undergoing a horny transformation.

b. The Cutis or Beriais, also called Corium, or leather

skin, constituting the deeper layer of the skin, is com-

posed of white and elastic fibrous tissues, which vary

in difierent proportions in various parts of the surface.

Where great elasticity is required, as in the axilla, the

elastic tissue predominates; where resistance is demanded,

as in the sole of the foot, there is a close meshwork of

areolar tissue. It also varies in thickness in difierent parts

of the surface, being thin and delicate over the prepuce and

eyelids, and thick where pressure is necessary, as in the sole

of the foot. It may thus vary from '24 to 2-80 mm. (Henle).

The cutis rests on a layer of subcutaneous fat, which gives

symmetry and roundness to the figure ; externally it exhibits

a series of ridges or projections called Papillae, which are

imbedded in depressions of the cuticle. These vary in shape

and size. They are large, more numerous, and conical, on

the tongue, palms of the hands, and soles of the feet, theu'
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average lengtli being y^o of an inch, and breadth at the

base ^?o of an inch. They are richly furnished with

capillaries in the form of loops derived from an arterial twig

from the arterial plexus. The vascularity is greatest where

the ridges are most marked, and the sense of touch best

developed. Hence the loops of nerves and bloodvessels are

more numerous in the papillae of the fingers than on the

back of the hand. Some papillae are only furnished with

bloodvessels, others with nerves, and a third kind with both.

They have been considered, therefore, as vascular and tactile,

the former being most numerous. {Allen Thomson.)

c. The Sudoriferous or Sweat Glands lie at various depths

in the true skin. They consist of a tube, blind and convolu-

ted into a ball at its furthest extremity, which terminates

externally on the surface of the cuticle. The tube is of the

same diameter throughout, about yJ^oth of an inch, runs a

straight course in the corium, but, on passing through the

epidermis, becomes spiral. In the first position, it is formed

of a thin membrane, lined by epithelium ; in the second, it

has no distinct coat, the spiral portion being a mere groove

or channel in the epidermis, the cells of which are twisted in

various directions to form its walls, as was pointed out by

Rainey. These glands are scattered abundantly throughout

the whole skin, but are most numerous on the palms of

the hands and soles of the feet. In these situations,

according to Krause, there are 2736 in each superficial

square inch. In the same space on the back of the hand

there are 1500; on the forehead and neck, 1300; on the

breast, belly, and arms, 1100; on the cheeks and thighs,

from 500 to 600 ; and on the back, 400. Wilson estimates

the number on the palm of the hand at 3520 per square

inch.
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2. Respiratory Functions of the Skin.

In many amphibians and reptiles, such as the frog, cutane-

ous respiration is very active, and is necessary for their

existence; but the process is carried on to only a small

extent in birds and mammals.

1. AhsoTjotion of Oxygen.—The amount absorbed by the

skin is to that absorbed by the lungs as 1 : 27, and it is

always less than the amount of COg exhaled.

2. Elimination of CO^.—About 4 grammes are separated

during 24 hours. The amount is increased by a rise of

temperature and by muscular exercise.

3. Elimination of Watery Vapour.—It would appear that

some aqueous vapour is separated by the skin in addition to

the water of the sweat. Thus Kohrig collected from the

skin of the arm 1'6 grammes per hour, and he estimated the

amount separated in 24 hours as about 200 grammes.

3. Excretory Functions of the Skin.

The sudoriporous glands secrete siveat, and the sebaceous

glands an oleaginous matter.

a. Sweat.

It is a transparent colourless liquid, having a peculiar

odour, which varies in different parts of the skin. Acid

reaction : sp. gr. 1004. The amount separated in 24 hours

may range from 700 to 2,000 grammes. When examined

under the microscope, it may show a few squamous epidermic

cells, derived from the skin, and perhaps a few crystals and

oil globules.

1. Chemical Characters.—It
\
usually contains about 1

per cent, of solids, the greater part of which consists of
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mineral matters. Traces of urea have been detected, as also

minute quantities of formic, acetic, butyric, propionic, and

caproic acids. The following table shows the result of

analyses made by various observers :

—

In 1,000 Parts. Favre. Schottin. Funke.

Water, 995-573 997-40 988-40

Solids,

Epithelium,

4-427 22-60 11-60

4-20 2-49

Fat, 0-013
^

Lactates, . 0-317

Sudorates^, 1-562

Extractive matters, . 0-005 11-30

Urea, 0-044 1-55

Chloride of sodium, . 2-230 3-'60

Chloride of potassium, 0-024

Phosphate of soda, . Traces ) 1-31
Alkaline sulphates, . o-oii

i

Earthy phosphates, . Traces 0-39

Salts in general. ... 7-00 4-36

The first portions of sweat secreted are rich in fatty acids

and the last in mineral salts. With prolonged sweating, the

secretion becomes very feebly acid or even alkaline. Copious

drinking increases the amount, more especially if the skin

be exposed to a warm and dry atmosphere. As a rule, all

circumstances, operating from within, which cause an in-

creased flow of blood to the skin also produce sweating. The

influence of psychical states, such as fear or joyous excitement,

is often very marked, but the rationale of such effects cannot

be given Many substances, such as iodine, iodide of potas-

sium, alcohol, and succinic acid, and the odoriferous princi-

ples of certain plants, such as garlic, may be eliminated by

the skin.

^ Favre mentions an acid peculiar to sweat which he calls sudoric

acid, the existence of which is doubtful. The cause of the acidity of

sweat has not been determined.

2 F
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2. Conditiwis of the Secretion of Svjeat.—The secretion of

sweat depends on : (1) the pressure of the blood in the

cutaneous capiUaries; (2) the activity of growth in the

epithelial cells lining the sudoriferous glands ; and (3) the

innervation of the part. Any increase of pressure in the

cutaneous capillaries increases the production of sweat.

Nothing definite is known regarding the innervation of the

sweat glands. Claude Bernard has seen profuse sweating on

one side of the head and neck after section of the sympa-

thetic in the neck; and physicians are familiar with the

phenomenon cf local sweating in many nervous affections.

- 3. Removal of Sweatfrom the Surface of the Skin.—If the

secretion be limited in quantity, and if the surrounding

atmosphere be not saturated with aqueous vapour, the watery

portion of the sweat immediately passes into vapour, con-

stituting what has been called insensible perspii'ation. But.

if the secretion be abundant, or if the atmosphere be already

saturated, the sweat soon bedews the surface and trickles

over the skin. It is evident that in both cases, the surface

of the skin may become coated more or less with solid or

fluid matters, and if this state be allowed to continue, the

matters may seal up the mouths of the sweat ducts and thns

interfere with their functions.

b. Sebaceous Matter.

This matter, secreted by the sebaceous glands, is oily, semi-

fluid, and has a peculiar odour. A microscopical examina-

tion shows fat cells, free fat, squamous epithelial cells and

tablel^shaped crystals of cholestrine. It contains about 30

per cent, of fat, which is composed of olein and palmitine^

probably combined with alkalies. It also contains alkaline

chlorides and phosphates, and alkaline earths. The loax of

the ear, or cerumen, is a variety of sebaceous matter secreted

by modified glands in the external auditory meatus. In
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1,000 parts, there are, of water, 100; fatty matter, 260;

substances soluble in water, 140; substances soluble in

alcohol, 380 ; and an insoluble residue, 120.

In addition to being an excretion, sebaceous matter

lubricates the hairs, and renders them less h^^groscopic, and

it also, to some extent, renders the epidermis impermeable

to water.

4. The Epidermic Appendages of the Skin,

In various classes of animals, the epidermis may be modi-

fied to form structures of diverse appearance, such as hairs,

nails, horn, hoof, quill, feathers, and scales. The comparative

study of these structures is of the greatest interest, but the

limits of this work will not permit of its discussion. The

chief physiological points to be noted are : (1) each epidermic

structure may be regarded as a permanent excretion from the

blood
; (2) each epidermic structure has an individual exist-

ence—it is developed, grows, reaches maturity, declines, dies,

and is removed from the body to be replaced by another of a

similar kind
; (3) epidermic appendages of the most varied

histological structure may serve purposes of beauty (hair,

feathers, scales), of warmth (wool), of defence (horn, hoofs,

quills or spines), or as aids to the sense of touch (Avhiskers of

the cat and other felines, &c.) ; and (4) when epidermis is

modified for purposes requiring strength and resistance, it

assumes in structure a concentric arrangement of epidermic

cells, simulating bone (contrast, for example, bone with sec-

tions of hoof, of whalebone, or of rhinoceros horn).

C.-EXCRETION BY THE KIDNEYS.

The substances separated from the blood by the kidneys

consist essentially of water, various nitrogenous matters,
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and salts. Like other processes of excretion, the separation

of these matters depends partly on the pressure of the blood,

and partly upon the activity of certain cellular elements,

found in the structure of the excretory organ.

On opening a kidney by a longitudinal section, from its

outer to its inner border, the solid portion is seen to consist

of a cortical and a Tnedullary sub-

stance ; the latter being in the form

of conical masses named Pyramids

of Maljnghi, the points of which

open into a space called the sinus.

The cortical part is of a light crim-

son brown colour and is soft and

easily lacerated. The urine is se-

creted chiefly in the cortical i)art,

and it is conveyed by the medullary

part into the sinus, from there into

the |j»eZvi5, or dilated extremity of

the ureter, and by the ureter it

]xisses into the bladder. The kidney is richly supplied

with blood vessels, lymphatics, and nerves.

Fig. 118.—Section of a Kid-
ney; p, sinus; ic, iireter; m,
medullary; and c, cortical part.

1. General Anatomical Arrangements.

The organs consist essentially of a number of very elongated

tubes, termed the tuhuli uriniferi. These are, in their course,

partly straight and partly convoluted, the former arrange-

ment prevailing in the medullary, and the latter in the cor-

tical, portion. The tubules, when examined microscopically,

are seen to consist of a basement membrane, lined by epi-

tlielium. The character of the epithelium is different in

different parts of the same tubule. Thus, the epithelium is

columnar in the larger tubules of the medullary portion and

is of such a size as to leave a free and wide passage in the .
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centre of the tubule ; wliereas in the cortic;il portion it is

more cylindrical in shape, glandular, and so large as almost

to fill the tubule. As al-

ready stated, the tubules

in the cortical part of

the kidney are very much
convoluted, and those in

the medullary part are

straight. It was once

supposed that those in

the cortex, after winding

about, ended in tubules

which then pursued a

comparatively straight

course towards the pel-

vis of the kidney; but

Henle showed that at

least some of the tubules,

when traced from the cor-

tical portion, form loops

extending into the me-

dullary portion. These

loops, forming the loojoed

tubules of Henle, on re-

turning to the cortical

substance, again become

convoluted, and ulti-

mately terminate in

tubules which pass di-

rectly into the medul-

lary part. The part of

Henle's loop which passes

into the medullary part is

flattened epithelial cells,

Fig. IIH.—Diagrammatic view of the ariaiige-

ment of the tubules in the kidne5\ a, Mal-
pighian body ; 6, c, d, e, f, uriniferous tubule
forming one of Henle's loops—observe the
width of the tube at its commencement, that
it becomes narrower and afterwai'ds again
becomes wide in the cortical part ; g, canal
joining it with h, straight tube of Bellini ;

i, a similar uniting canal ; k, Ic, other tubes oi

Bellini ; the shaded part of the tube is where
the epithelium is glandular ; a' a" a"', other
Malpighian bodies, connected with the arteri-

ole n, which arises from larger arterj"^ o ; x> i^

a branch of o returning to the medullary
part direct; the veins are not repi-esented.

They are very large. At h, observe the plexus
on the tubule formed from the efferent vessel

of the Malpighian body, a.

small in diameter, and is lined by

whilst the part returning to the
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cortical portion is broader, and is filled with glandular

epithelium to such an extent as almost to fill the lumen of

the tube.

It would appear, therefore, from the researches of histolo-

gists, that if we traced a tubule from its origin to its

termination, its course would be as follows : it arises by a

capsular dilatation Avhich surrounds a tuft of vessels known

as a glo7neruliLS in the cortex ; from thence it passes into the

medullary portion, forms a loop, and returns again into the

cortical portion, where it joins, by a short canal, a straight

tube called a straight tube of Bellini, and the latter pursues

its course towards the apex of one of the pyramids, uniting,

from time to time, with tubes of a similar character. The

general arrangement is shown in diagram, Fig. 119. Secre-

tion chiefly occurs in the tubules having glandular epithelium,

the others being for the j)ur-

pose of carrying away the

secretion formed.

To understand the functions

of the kidney, it is important to

bear in mind the arrangements

of the vessels. The branches of

the renal artery split up into

capillaries, which form an elong-

ated meshwork in the medullary

part, and an irregular meshwork

in the cortical part. If one of

the larger of these vessels be

traced into the cortical por-

tion, it will be found to ter-

minate in what has for many

years been known as a Mal-

ingldan body, as represented in Fig. 120.

A Malpighian body consists of a glomerulus, or tuft of

Fig. 120.—Diajrram showing the
relation of tlie Malpighian hody to
the uriniferous tubules and blood-
vessels, c, expansion of the end of

the tubule; m, tuft of vessels, form-
ing glomerulus ; a/, afferent vessel,

conveying blood to, and e/, efferent
vessel, conveying blood from, m ;

the efferent vessel, e/, splits up into
capillaries e, e, e, e, which ramify
on the uriniferous tubule.
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vessels, enclosed by an expansion of the end of a tubule, as

was first pointed out by Bowman. Each possesses an afferent

vessel, which carries blood into it, and an efferent vessel,

which carries blood away from it. The efferent vessel,

usually smaller in calibre than the afferent, divides into a

number of capillaries, which ramify upon the tubule, the

dilated end of which forms the capsule surrounding the

glomerulus. Thus in the kidney there are two capillary plex-

uses, one in the glomerulus, and the other in the plexus on the

tubule. From a physiological jDoint of view, it is important

to recollect (1) the arrangement of the tubules
; (2) the

•distribution of the vessels ; and (3) the different forms of

•epithelium, that in the secreting tuhules being glandular,

whilst in the conducting tubules it is similar to what is

found in the ducts of glands. According to Ludwig, also,

the tubules are surrounded by lymphatic spaces which com-

municate freely with each other.

Consult regarding Structure of the Kidney, Bowmax, Philosophical

Trans., 1842; and Quaix, vol. II., p. 402.

2. General Characters of the Urine.

The urine is a clear, transparent fluid, of an amber colour,

peculiar odour, and saltish taste. Normal density, 1020;

reaction, slightly acid, owing to the presence of acid phos-

phates of soda or uric acid. On microscopical examination,

it may be found to contain a few epithelial cells. The

average amount passed in 24 hours is from 40 to 60 ounces

(about 1200 c.c.)

a. Chemical Constituents.

Normal urine contains about 960 parts of water to 40

parts of solids. The latter may be divided into four groups

:

(1) nitrogenous; (2) non-nitrogenous; (3) pigments; and
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(4) saline matters. It also contains in solution a small

quantity of gas.

1. Nitrogenous Matters.—These consist chiefly of urea and

uric acid. In addition, there are small quantities of hippuric

acid, creatine, creatinine, xanthine, ka. About 500 grains

of urea and 7 of uric acid are excreted in 24 hours.

2. Non-nitrogenous Matters.—The urine is not rich in such

matters ; it may contain traces of fatty acids, such as acetic,

butyric, and propionic ; also taurylic and damaluric. Small

quantities of oxalic acid and glucose may be present.

3. Pigments—These are indican and urobiline. Indican

is sometimes present in such quantity that the urine becomes

of a bluish colour after having been exposed to the air for

several days. By oxidation, it may produce various indigo-

pigments, such as indigo-blue, indiglucine, &c. Thus :

—

a6H3iNO,- + 2H,0 = CgHgNO + 3 CeH^oOc
Indican. Indigo-blue. Indiglucine.

Erom its chemical relations to leucine, tyrosine, and other

products of the decomposition of albuminous bodies, the

conjecture is that it may be produced in the alimentary

canal. Urobiline, on the other hand, is derived from the

pigments of the bile ; which, in turn, as already stated, arise

from the decomposition of hsemoglobine.

Yogel has classified the numerous varieties of shades

of colour met with in urines thus: (1) yellow urines
; (2)

reddish urines ; and (3) brown or dark urines. The varieties

of colour do not depend on different jjigments, but on

different degrees of dilution of the two pigments above

mentioned. Thus, on evaporating a light-coloured urine, it

will be darker as it becomes more concentrated ; and on the

other hand, dilution with water of a dark urine causes it to

pass through lighter and lighter shades.

4. Inorganic Substances.—These exist, in normal urine, to
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the extent of 15 grammes to 1 litre. The 15 grammes are

composed as follows : chloride of sodium, 10 grammes

;

phosphoric acid, 2 grammes ; sulphuric acid, 1 gramme ;.

and the remainder is constituted by potash, soda, lime,

magnesia, and traces of iron and of silica.

5. Gases.—100 volumes of urine usually contain 1*

volumes of gas, consisting of about 13 volumes of CO2, 1

volume of N, and traces of 0. Thus, it would appear that

the kidneys eliminate small quantities of CO2 and of N.

The following table, given by Yogel, shows, in the first

column, the composition of urine in 24 hours ; and, in the

second, the composition in 1000 parts :—

-

Amount or Urine,

Water,
Solids,

Urea,
Uric Acid,
Chloride of Sodium
Phosphoric Acid,
Sulphuric Acid,
Earthy Phosphates,
Ammonia,
Free Acid,

In 24 hours
in grammes. In 1000 parts.

1500 1000

1440
60

960
40

35-

0-75
16-50
3-50

2-00
1-20

0-60

3 00

23-30
0-50
11-00
2-30
1-30

0-80
0-40
2-00

b. Changes in Urine after Exjyosure to Air.

When exposed to the air, it undergoes two changes, which

have been termed fermentations.

1. Acid Fermentation.—When the urine has been left at

rest, especially under the influence of a moderate degree of

heat, its acid reaction becomes stronger; and distinct crystals-

of uric acid are often deposited on the sides and bottom of

the glass. This increase of its acidity goes on for some days,.
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and may even continue in rare instances for two or three

weeks. The acidity, however, at last begins suddenly to

'diminish, and gradually disappears.

2. The Alkaline Fermentation.—The urine now becomes

lighter in colour; a whitish, iridescent pellicle forms on its

•surface; and the presence of ammoniacal odour indicates

that it has become alkaline. A deposit is thrown down,

•consisting of the amnioniaco-magnesian or triple phosphate,

phosphate of liuie, and urate of ammonia. This change, the

.alkaline fermentation, is owing to the decomposition of urea

into carbonate of ammonia. Urea unites with the elements

of water thus :

—

CN.3H4O + 2[B.Jd) = (NHJ^COa
Urea. Carbonate of ammonia.

The urine is thus rendered alkaline, and the earthy phos-

phates, being insoluble in alkaline fluid, are precipitated

—

the phosphate of lime as such, and the pliosphate of mag-

nesia as the triple phosphate of ammonia and magnesia

(MgNH4PO,+ 6H20).

c. Changes in the Urine in different Physiological States.

1. Age.—Considering the weight of the body, an infant

secretes more urine, and more urea and salts, than an adult.

In the aged, the quantity and the solids are much diminished.

2. Sex.—The female secretes less nrine, and the propor-

tion of solids is also less, than the male.

3. Nature of the Diet.—Fluids not only increase the quan-

tity of water, but also the amount of salts, but they do not

;appear to aftect the quantity of urea and uric acid. A rich

animal diet increases the quantity of urea, uric acid, sul-

phates, phosphates, and chlorides; a vegetable diet makes

the urine alkaline, as in herbivora, and it increases the

.amount of hippuric, oxalic, and carbonic acids, united with
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the alkalies and alkaline earths. Starvation of a herbivorous

animal causes the urine to become acid, and to resemble in

constitution that of a carnivorous animal.

4. Influence of Digestion.—About three hours after a full

meal, the urine becomes dense, highly coloured, and contains

a large quantity of solid matters, the nature of which Avill

depend upon the kind of diet. It may also then be alkaline.

5. State of the Skin.—AVhen the action of the skin is

increased, as by cleanliness, exposure to a warm and dry

atmosphere, or by the use of special drugs called diaphoretics,

the amount of water separated by the kidneys is diminished.

The reverse is also true. It is important to note, however,

that the correlation between the functions of the skin and of

the kidneys influence chiefly the water, and only to a very

slight extent the solid matters.

6. Muscular Exercise.—This may increase to a slight

extent the amount of urea excreted, a statement which

will be illustrated in treating of the elimination of that

substance.

7. Slee2y.—The urine passed in the morning is usually

dense, highly coloured, and more strongly acid than at any

other period of the day. The water is diminished, a fact

which may probably be explained by the increased activity

of the skin during the night. It is stated that urea, chloride

of sodium, and sulphates are also diminished, and that phos-

phates alone are increased.

8. Pregnancy.—During this state, the urine is often high

coloured and dense, and shows on the surface a pellicle,

called kyestine, of an iridescent appeariince and a peculiar

odour. When examined microscopically, it is found to con-

sist of numerous crystals of the triple phosphate, molecular

matter, bright refractive particles like those of fat, and

possibly minute torulcE or other microscopic organisms.
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d. Changes in the Vrine produced hy Extei^aal Causes.

1. Diurnal Variations.—Various observers have noticed

distinct variations in the amount and* composition of the

urine at tolerably fixed periods in each stage of 24 hours.

Thus, chloride of sodium presents two maxima, the one in

the morning and the other after mid-day; uric acid also two

maxima, the first at 7 a.m. and the other at 5 p.m.; sulphates

reach a maximum about six hours after a meal; and the

phosphates reach a maximum about 7 p.m., and fall during

the night. In considering these variations, it must be

remembered that at least two factors may contribute to

the result: (1) the amount of the substances introduced

in the food; and (2) the amount of disassimilative changes

occurring in the tissues. We would therefore expect that

substances introduced in the food would reach their maxima

after a time required for their digestion, assimilation, and

excretion by the kidneys; and that those which resulted

from waste of tissue would be at a minimum during the

periods in which little waste was going on, as, for example,

in the night.

2. External Temperature.—A warm temperature diminishes

the quantity of urine, and makes it more concentrated, pro-

bably by increasing the activity of the skin.

3. Changes caused hy Drugs.—By the term drug is not

necessarily understood a substance employed in medicine,

but any substance having a physiological action on an organ

or tissue. Most mineral matters introduced with the food

are excreted by the kidneys in the same state; but there

are exceptions. Thus iodides are converted into iodates,

and ferricyanides (KgFe^Cyg) into ferrocyanides (K^FcgCyg).

Organic acids usually undergo change. Malates, tartrates,

&c., are converted into carbonates; tannates into gallates;

and benzoic into hippuric acid. Many colouring matters,
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such as turmeric and madder, and many odoriferous matters,

such as that of oil of turpentine, pass through unchanged.

Santonine gives the urine the colour of saffron. Some active

substances probably increase the quantity of urine excreted

by influencing the amount of blood pressure j whilst others

may possibly have a specific efi'ect on the secreting cells of

the tubules.

3. Elimination by the Kidneys of Nitrogenous

Matters.

In addition to the separation of water and saline matters,

one of the most important functions of the kidneys is the

elimination of nitrogenous matters, chiefly in the form of

urea and uric acid.

a. Elimhifttion of Urea.

About 30 grammes of urea are excreted during twenty-

four hours. This amount depends chiefly on the nature of

the diet. A diet rich in albuminates increases, whilst one

consisting chiefly of fats and carbohydrates diminishes, the

amount of urea. Much controversy has taken place as to the

influence of muscular exertion. Liebig supported the view

that muscular activity was carried on at the expense of nitro-

genous matters obtained either from the muscles themselves

or from the food. According to this view, he divided foods

into tissue-forming, such as albuminates, and heat-iDroducing,

such as carbohydrates and fats. The first he supposed were

used for the construction of the tissues, and for the produc-

tion of muscular work ; whilst the second, by oxidation into

carbonic acid and water, were regarded as the producers of

heat. It is well known that the chief products of the

decomposition of nitrogenous matters are urea and uric

acidj whilst those resulting from non-nitrogenous matters
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are carbonic acid and water. If, therefore, the theory of

Liebig were true, we would expect to find that prolonged

muscular exercise would cause an increase in the amount of

urea and uric acid separated by the kidneys. This question

has repeatedly been put to the test of experiment, more

especially by Yoit, Parkes, Flint, and Fick and Wislicenus,

The observations made by the latter, Fick and Wislicenus,

both expert physiological chemists, are generally regarded as

conclusive. These two observers, in 1866, ascended the

Faulhorn, one of the Swiss Alps, about 1,956 metres high.

For seventeen hours previous to the ascent, they took no

nitrogenous food; the ascent occupied six hours; and for

six hours after the end of this period, they lived on starch

and sugar. The urine passed was collected and examined.

It was collected in four portions, each of which was separ-

ately examined: (1) before the ascent; (2) dimng the

ascent; (3) during six hours of repose after the ascent, at

the end of which time they had a meal rich in nitrogenous

matter ; and (4) during the night passed on the mountain

after this meal. It will be observed that the amount of

work produced during the ascent must have resulted either

from changes in their albuminous tissues, or been derived

from the non-nitrogenous matter used in their food. By
thus collecting and estimating the urea formed, and assuming

that it was all produced from albuminous matter, it was not

difficult to calculate the amount of albuminous matter

represented by this quantity of urea, and the amount of

energy liberated by the oxidation processes. The actual

amount of energy, in the form of muscular movement,

expended during the ascent was ascertained by multiplying

the body-weight by the height. Thus, the work done by

Fick was 66 kilos, x 1,956 = 129,096 kilogrammetres, and

that of Wislicenus was 76 x 1,956 = 148,656 kilogram-

metres. But the amount of energy liberated by the pre-
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sumecl decomposition of albuminous matters was found in

the case of Tick to be only 66,690 kilogrammetises, and of

Wislicenus only 68,376 kilogrammetres—both little more

than one-half of the energy actually expended. It was

evident, therefore, that the energy expended could not have

been entirely obtained from the decomposition of nitrogenous

matters, and that the amount of urea was not, as Liebig had

supposed, any measure of the muscular waste. The following

brief table gives the amount of nitrogen in the urea excreted

in the different periods :

—

Urine. Fick. Wislicenus.

Grammes of Nitrogen in the Urea.

1. During period of 17 hours previous
to the ascent,.... 6-9 6-6

3-3 31

2-4 2-4

2. During 6 hours occupied by ascent, .

3. During 6 hours of repose after ascent,

Full Nitrogenous Meal.

4. During the night spent on the moun-
taia after the meal, . .4-1 ... 5 '3

On studying these facts, it will be observed (1) that the

amount of nitrogen excreted was verj^ much lessened by the

non-nitrogenous diet, even during the ascent and during the

period of repose, when muscular waste might be supposed to

have been going on; (2) that the amount of nitrogen was

increased immediately after a nitrogenous diet : (3) that the

energy actually consumed during the ascent was much
greater than could be accounted for by presumed changes in

nitrogenous matter, estimated from the amount of urea

excreted; and (4) the inference is tliat muscular energy is

at least pai-tly derived from changes occurring in carbo-

hydrates and fats, and not, as Liebig supposed, from changes

in nitrogenous tissues alone. These researches have been

corroborated by Pettenkofer and Yoit, who have shown

that the amount of carbonic acid is largely increased during
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muscular exercise, exactly what would be expected if we
assume that, during muscular work, carbohydrates and fats

are chiefly used. Various somewhat contrary results as

regards the amount of urea excreted have recently been

obtained by Flint in observations on Weston, the famous

pedestrian, but the discrepancies cannot at present be

accounted for.

"When urea is prevented from escaping, a condition termed

UTcemia is the result. It frequently occurs in the later stages

of diseases of the kidneys, and in the course of fevers. The

individual passes into a state of profound coma, and convul-

sions may terminate life. Frequently, in these cases, the

skin is bedewed with a dark-coloured sweat, having a urinous

odour.

b. Elimination of Uric Acid.

About '5 grms. of uric acid are separated daily. It is

said to be slightly increased by muscular work. According

to Ranke, it is at a minimum in the morning, and the

amount increases after a full meal. It exists principally in

oombination with bases, forming urates of soda and potash.

Sometimes in normal urine, there may be traces of urate of

lime, and in decomposing urine there is always urate of

ammonia. Alkaline urates are much more soluble in hot

than in cold water, and consequently, where they are in

excess, as in febrile conditions, they are precipitated as an

amorphous substance, when the urine becomes cold. The

application of heat causes their re-solution. Uric acid is

produced by the oxidation of nitrogenous matters. It con-

tains less oxygen than urea, and it is transformed into urea

in the body. It may probably be regarded as a residue of

some intermediate substance not fully oxidised. In birds

and serpents, the oxidation process seems to be arrested,

and the result is the appearance of large quantities of urates
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and of free uric acid in the urine. Any constitutional state

which interferes with oxidation, or with the elimination of

uric acid, may produce excess of this substance. The excess

may be so great that an equivalent amount of bases is not

separated, and the result is the appearance of crystals of uric

acid in the urine, constituting the uric acid diathesis. In such

circumstances, also, urates may be deposited in fibrous struc-

tures in the vicinity of joints, giving rise to local afiections,

and a constitutional state called gout. When uric acid is

excreted in excessive quantity, it is liable from its insolu-

bility, to form concretions or calculi in the pelvis of the

kidney or in the bladder. Excessive excretion of oxalates

may produce the same effect. In the bladder, these con-

cretions may become coated with deposits of phosphates,

constituting calculus or stone. When minute particles or

grains appear in the urine, they receive the name of gravel.

In the urine of herbivora, hippuric acid occupies the place

of uric acid.

c. Elimination of Albumen.

Albumen is sometimes met with in small quantities even

in healthy urine. It may do so after a meal very rich in

egg-albumen, or after copious draughts of water. In such

cases it is transient; but when permanent its appearance is

indicative of serious disease. The principal causes which

determine albuminuria are: (1) diseases of the kidneys,

causing changes in their vessels or in the secretory epithe-

lium; and (2) derangements of the circulation, such as

diseases of the heart, lungs, liver, or systemic arteries, which

so present obstructions to the passage of blood as to cause a

great increase of blood pressure.
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4. Mechanism of the Secretion of Urine.

It is important to remember that the kidneys are supplied

with blood, through the renal arteries, directly from the

arterial system; that the blood is conveyed from them by

renal veins, which empty themselves into the inferior cava,

and that they are also richly supplied with lymphatics.

During its passage through the organs, the blood loses

certain materials which constitute urine, which is conveyed

from the kidney to the bladder by the ureters. This loss

might possibly result from a simple process of transudation

from the blood, or from activity of epithelial cells, or

from both together. Numerous experiments and obser-

vations have shown that the secretion is always increased

with an increase of blood pressure. It has been observed

that the secretion ceases when the pressure is such that the

renal venous circulation becomes very slow. Ligature of

the ureter at once stops the secretion, and any influence

which tends to increase the pressure in the ureter has the

same effect. It would thus appear that the secretion depends

partly upon difference of pressure in the vessels of the kidney

and in the ureter. If the pressure in the kidney be much

increased, more urine will be secreted ; and the reverse holds

good. The state of the blood has also a certain influence.

Thus an increased quantity of w^ater, introduced as drink,

by simply increasing the blood pressure, is followed by a

larger excretion of water. From the anatomical arrange-

ments of a Malpighian body, and especially from the fact

of the efferent being smaller in calibre than the afferent

vessels, it is evident that the pressure in the vessels forming

the glomerulus must be greater than in the general capil-

laries. If so, water from the blood will be separated in the

Malpighian body by a simple process of filtration under
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pressure, and will fall into the dilated end of the uriniferous

tubule. On the wall of this tubule, as already stated on

p. 454, capillaries formed from the efferent vessel are distri-

buted, and from the blood contained in these the epithelial

cells in the tubule probably secrete the solid elements in

urine. It is difficult to conceive, however, that only water

is separated in the glomeruli, as in the physical conditions

assumed to exist, crystalloids, such as the various salts, would

also pass. If so, the epithelial cells probably contribute

nitrogenous matters and possibly pigments.

The excretion of urine becomes somewhat more compli-

cated when the presence of the lymphatics is taken into

account. Ludwig has shown that the tubuli are surrounded

by lymphatic channels, and he has pointed out that inter-

changes probably take place between the lymph and first

secreted urine. According to his theory, blood pressure

plays the principal part ; under its influence, the serum

of the blood, less the fats and albuminates, filters through

the walls of the capillaries of the glomerulus. Then it is

brought into contact with the epithelium of the tubes and

the lymph in the channels surrounding the tubes ; and some

matters may be re-absorbed from the fluid in the tubules by

the lymph, and possibly by the blood in the capillaries of the

efferent vessel. It appears to the author that in Ludwig's

theory, he does not attach sufficient importance to the activity

of the epithelium lining the tubes. In the positions where

elimination would probably take place, as in the tube at its

origin, and in the descending limb of Henle's loop, the epi-

thelium is distinctly glandular; whereas, in the other portions,

it has more of the appearance of protective epithelium, which

may secrete mucus, as found in the ducts of all glands. The

secretion of urine, therefore, depends upon the following

conditions : (1) the anatomical arrangements for producing

local increase of blood pressure
; (2) circumstances causing
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increase in the general blood pressure; (3) circumstances

affecting pressure in the lymphatics of the kidney; (4)

circumstances affecting pressure in the larger ducts, pelvis,

and ureters ; and (5) the activity of the epithelium lining

the smaller tubules.

5. Innervation of the Kidney.

Little is known as to the exact influences of the central

nervous system on the secretion of iirine. Section of the

spinal cord in the cervical region arrests the secretion,

probably from lowering of the blood pressure in consequence

of general vaso-motor paralysis. Section of the splanchnics

is said to increase the secretion, whilst stimulation of the

distal end augments it, an effect likely to be produced if we

suppose that this nerve contains the vaso-motor filaments

supplying the vessels of the kidney. Whilst there can be no

doubt that the cerebral centres may affect the secretion of

urine, as evidenced by the well-known results of emotional

conditions, the channels by which the influences pass are

unknown.

6. Expulsion of Urine from the Bladder.

The urine is secreted constantly by the kidneys, is forced

along the ureters by the pressure of secretion, and is dis-

charged into the bladder drop by drop. This phenomenon

has actually been seen in some cases of congenital mal-

formation, in which the anterior wall of the bladder and of

the abdomen are deficient, so as to expose the openings of

the ureters. It is probable that the urine is partly propelled

along the ureters by rhythmical muscular contractions occur-

ring in their walls. The bladder slowly fills, in consequence

of the urethral orifice being firmly closed. Up to a certa,in

limit, the closure of the urethral orifice is involuntary and

4

I
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unconscious, and it probably is due to a contraction of

involuntary muscular fibres forming a kind of sphincter in

the prostatic portion. In the female urethra, where the

prostate does not exist, the occlusion must depend upon some

such action ; but probabl}^, in the male, the elasticity of the

prostate may assist. When the bladder reaches a certain

degree of tension, the sensory nervous filaments in its walls

are affected so as to give rise to a sense of fulness. A
slightly greater distension apparently causes reflex contrac-

tion of the muscular fibres near the neck of the bladder,

which forces a few drops of urine into the prostatic portion.

When this occurs, the desire may become so strong as

scarcely to be resisted ; and after a short time, reflex con-

tractions occur in the wall of the bladder, which, assisted by

voluntary contractions of the abdominal muscles, expel the

urine. The locality of the reflex centre which governs these

mechanisms has not been precisely fixed, but it is un-

doubtedly in the lumbar region of the spinal cord. Disease

of this portion of the cord is attended by incontinence

of urine.

Consult, as the best work on the clieuiistry of the urine, Neubauer
and Vogel's Treatise translated by the Sydenham Society ; also,

Lauder Brunton in Handbook for Physiological Laboratory, p.

532. Regarding the mechanism of secretion, see Ludwig-'s article in

Wagners' Handworterbucli der Physiol. ; also. Bowman in Philos.

Trans. 1842. A full critical description of the various theories of

urinary secretion is also given in Wundt's Physiologic, p. 339.

VIII.—EXCHANGE OF MATEEIALS.

Having now considered the various processes occurring in

the great function of nutrition, by which all the tissues are

supplied with materials for their nourishment and growth,

and for the due performance of their functions, and by which
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the waste matters resulting from activity of tissue are

removed, it is important to attempt to ascertain what rela-

tion exists in a healthy adult between the ingesta and

the excreta. By ingesta are meant all the materials intro-

duced into the body, either by the lungs, skin, or alimentary

canal ; whilst the term excreta signifies the matter thrown

out by the various excretory channels. If we suppose the

weight of the body to remain the same, it is evident that the

ingesta would be exactly equal to the excreta ; if at the end

of the experiment, the body showed an increase of weight,

the ingesta would be in excess of the excreta ; and vice versa.

In studying this view of the phenomena of nutrition, it is

necessary to know the weights of the various tissues and

organs forming the body. This can only be done approxi-

mately ; but it has been attempted by Bischofl^" and Krause,

who have given us the following table showing the weight in

grammes of the anatomical elements of a body.

Grammes. Grammes.

Muscles and tendons, 35,158 Pancreas, . . 88
Fresh skeleton, 9,753 Tongue and its muscles3, . 83
Skin and adipose tissue, 7,404 Larynx, trachea, and bron-
Blood, . 1,500 chi, . . 79
Liver, 1,856 Esophagus, . 51
Brain, 1,430 Parotid glands, . . 50
Lungs, . 1,200 Spinal cord, . 36
Small intestine, 780 Testicles, . . 36
Great intestine, 480 Submaxillary glands, . 18
Great vessels, 361 Prostate, . 18

Kidneys, 292 Eyes, . . 15

Heart, . 292 Thyroid glands, . . 15
Nervous trnnks, 290 Supra-renal capsules, . 11

Spleen, . 246 Thymus, . 7
Stomach, 202 Sublingual glands, . 6
Bladder and penis, 109

These figures are merely to be regarded as approximates.

No organ in two or more individuals would probably have

the same weight, and each organ varies in weight at different

times in the same individual.
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Many experiments have been made upon the lower ani-

mals, chiefly upon dogs, in which the ingesta or excreta have

been carefully weighed, and the body of the animal has also

been ascertained, from time to time. In such experiments,

arrangements were made for collecting the gases given off in

respiration, as well as the matters voided by the skin,

kidneys, and bowels. It would manifestly be extremely

difficult to carry out such an experiment with strict accuracy,

in the case of a human being ; and accordingly, the following

table given by Yierordt, in which he states in grammes the

amount of income and expenditure ofthe organism in a healthy

man in twenty-four hours is only approximative. He has

collected the data from the record of numerous experiments

made by different physiologists upon different individuals,

and the figures stated can only be regarded as approximative

mean quantities, and nothing more. ^

I.

—

Ingesta.

C. H. N. 0. Total.

Oxygen inspired, 744-11 744-11

Albuminoids, 64-18 8-60 18-88 28-34 120

Fats, .... 70-20 10-26 9-54 90

Starch, 146-82 20-38 162-85 230-0

Water, ... 2818-0

Salts, ....
Total ingesta.

... 32-0

281-20 39-19 18-88 944 84 4134-11

1 It would serve no useful purpose for the student to burden his

memory with these figures. They are given for reference, and to

illustrate the general principle of a balance, as regards matter, being

struck in the economy of the body.
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II.

—

Excreta.

Water. C. H. N. 0. Salts. Total.

Lungs, .

Skin,

Kidneys, .

Bowels, .

Water formed
\

in the body,
\

330

660

1700

128

248-8

2-6

9-8

20

3-3

3-0

32-89

...

15-8

3

651-151

7-21

11-1

12

263-41

26

6

1229-9

669-8

1766
;

172-0
1

i

296-3

1

Total Excreta, 2818 281-2 39-19 18-8 944-86 32 4134-0

From this table, it will be observed : (1) that in alimenta-

tion the nitrogenous principles are to the non-nitrogenous in

the proportion 1:3-5; (2) that of the total eliminated pro-

ducts, the lungs separate 32 per cent., the skin 17, the

kidneys 46, and the bowels about 4*5 per cent.; (3) that the

amount of the various elements in the first table are exactly

equal to the amount of the same elements in the second

table ; and (4) that the totals in both tables also correspond.

If, in a healthy organism, doing both external work, say

mechanical labour, and internal work, in carrying on circu-

lation, respiration, &c., the amount of matter introduced be

not equal to the necessities of the vital and physical conditions

in which it lives, it is evident either that the activity of the

system will be diminished, or that materials will be used

up whicb bad been j^reviously stored in the body, or, in other

words, that the evolution of energy and the changes of matter

will take place at the expense of tissue. Each organism is

capable of carrying on operations for a certain time, although

1 The whole of the here mentioned is combined with the C to

form CO,.
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the supply be considerably less than the demand, but at last

a minimum limit is reached, beyond which the efficiency of

the system will be impaired. On the other hand, there is

probably a maximum limit of nutrition, that is to say, a point

beyond which, in a particular organism, any excess of ingesta

is never assimilated, but is simply thrown out in much the

same state as when introduced. These limits cannot be

strictly ascertained in the case of any individual man, and

most persons roughly ascertain it for themselves by experience.

Physiologists have been able to arrive at the general principle

by careful observations made on dogs; but the results, in the

hands of different experimentalists, have been on the whole

so precise as to warrant the inference that in the human being

also there is the same constant ratio between the matters

introduced and the matters excreted.

During starvation, matters still continue to be eliminated,

at the expense of the substances previously stored up in the

economy. For a short time after the deprivation of food, a

well-nourished organism may eliminate not very much less

urea and carbonic acid than before ; but the amount of these

substances afterwards diminishes, and the weight of the body

and of the excreta also rapidly fall off. Organisms rich in

fat endure abstinence for a long time, and the deposit of fat

disappears. When this has been used up, the muscles may
next undergo fatty changes ; and in course of time the skin,

bones, liver, intestinal canal, and, lastly, the nervous system,

undergo waste. The consumption of the materials of the

body may in this way proceed to such an extent during

starvation, that, at the death of the animal, it may have lost

a little more than half the weight of the body at the com-

mencement.

Hitherto the gain and loss of matter only have been

discussed. In like manner, a similar balance might be

struck between the income and outcome of energy, but this
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will be attempted after the consideration of tlie phenomena

of animal heat.

Consult Wundt's Pliysiologie, p. 344; Pettenkopee and Voit,

Zeitschriftf.Biologie, vol.11. ; FiCK and Wislicenus, Ziiricher Viertel-

jahrschrift, 1865 ; Parkes' Papers in Proceedings of Royal Society,

XV. and XVI. ; Flint's Account of Experiments on Weston, 1877 ; and

Article Nutrition, by Michael Foster, lq "Watt's Dictionary of

Chemistry, where a full historical development of the subject is

given. See also Art. Nutrition in the supplement to the same work,

where the results of observations by Frankland, Parkes, &c., are

detailed. The subject is also treated very fully in Michael Foster's

Textbook of Physiology, in chap. V., on the Metabolic Phenomena

of the Body.

I

I
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INNERVATION.

Functions of Peripheral Nerves—Spinal Nerves—Cranial Nerves—
Sympathetic Nerve—Nerves of Special Sense—General Functions

of Centres—Spinal Cord—Medulla Oblongata—Basal Ganglia—
Cerebellum—Cerebrum—General Conditions of Sensory Impressions

—Touch— Taste—Smelling— Vision—Hearing— Voice—Speech.

The general phenomena of nervous action have been

already described (p. 149 and p. 173). The nervous system,

as there stated^ consists of nerves, terminal organs, and

centres. It has been pointed out that nerves are essentially

conductors, that terminal organs are recipients, and that in

the centres changes may occur which result either in motion,

control of vessels or of glands, restraint of the activity

of other centres, or in psychical phenomena, such as

sensation, perception, feeling, volition, intellectual acts, and

will. In the preceding pages, also, numerous illustrations

have been given of the influence of the nervous system upon

other great functions, such as the innervation of the digestive

organs, of the heart, liver, &c.

The general structure of nerves will be understood with
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the aid of the following figure and of tlie description given at

p. 151.

- Fig. 121.—Nerves: c, ordinary-sized nerve-tube, showing axis cylinder
surrounded by white substance ; d, smaller nerve-tube, with white
substance scarcely visible ; e, still smaller, with no white substance
visible ; /, varicose nerve-tube, from grey matter near surface of

brain ; a, nerve-tube, coloured by perosmie acid, showing one of the
nodes of Ranvier, or complete interruption oi the white substance ; b,

nerve-tube showing nucleus and node of Ranvier (the axis cylinder is

blackened by the action of the perosmie acid)
; g, nou-medullated

nerve-tubes from sympathetic, having no white substance, and
nucleated at intervals.

The nerve centres are composed essentially of nerve fibres,

various forms of nerve cells, and a delicate variety of connec-

tive tissue called neuroglia. The various forms of nerve

Fig. 122—Various forms of Nerve-cells : a, multipolar, from grey
natter of spinal cord ; b, d, bipolar, from ganglia on posterior roots
of spinal nerves : c, g, unipolar, from cerebellum ;

gr shows indications
of a process coming off at lower end ; e, union of three multipolar cells

in spinal cord
; /, union of three tripolar cells in grey matter of cere-

bral hemispheres.
k

cells are represented in Fig. 122, and a description is given

in p. 150.
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Before proceeding to discuss the physiology of the nervous

system, we may here point out the methods by which physi-

ologists Lave acquired the information they now possess. In

elucidating any problem in innervation, say the functions

of a nerve, or the mode of action of a particular nerve centre,

four lines of evidence are brought to bear upon the question,

namely : (1) the inferences derived from anatomical ex.2imm.di.-

tion of the origin, course, distribution, and general relations

of the part, and the gradual development of the organ

in the animal kingdom
; (2) the facts derived from a

careful examination of the histological structure of the

part; (3) the clinical results observed by physicians, sur-

geons, and pathologists of the changes produced by diseases

affecting nerves and nerve centres ; and (4) the ex2Jeri-

inental facts observed by the physiologist when he cuts a

nerve or nerve centre and stimulates the parts exposed.

For many years, knowledge chiefly depended on the first

and third of these modes. Certain nerves were traced

to muscles and they were presumed to be motor ; others were

found in connection with the organs of sense and they were

therefore held to convey sensory impressions ; or an organ,

such as the cerebrum, was found to increase in size and in

complexity from the lower to the higher forms of vertebrates

—

(in animals of low intelligence, the brain was small and

simple whilst it was large and complex in those of high in-

telligence)—the inference being that the cerebrum was some-

how related to mental activity. Again, these inferences

were corroborated by the observations of the physician and

surgeon on man. Thus, when a certain nerve was cut in a

surgical operation, the parts supplied were found to have

been removed from the influence of the will or to have lost

.sensibility; tumours pressing on certain portions of nerve

centres produced paralytic symptoms of various kinds ; hemi-

plegia or paralysis, say of the left side, was found, on post-
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mortem examination, to be frequently caused by a clot of blood

in the right brain, and mce versa. Still, such observations left

much that was uncertain and obscure. Then the experimental

method, in the hands of such men as Sir Charles Bell, John

Reid, the Webers, Claude Bernard, and Brown-S6quard,

threw new light on many obscure questions. They exposed

a nerve, cut it, and observed the results. They then stimu-

lated each end, say by a weak electric current, and noted the

effect. If muscular movements followed, the nerve was held

to contain motor fibres ; or if pain was the result, it had

sensory fibres in its course. By such methods also, our

knowledge of the functions of the great cranial nerves, of the

roots of the spinal nerves, of the influence of the nervous system

on the heart, the lung, the liver, and the stomach has been

rendered precise and accurate. Again, the experimental

method has given much information regarding nerve centres.

It is true that here, from the importance to the economy of

the parts involved, from the influence of shock caused by the

operation, and from our comparative ignorance of the struc-

ture of the parts, the results of the experimental method

are less satisfactory. Lastly, the histological method, more

especially as to the structure of the centres and of the ter-

minal organs, has in recent years added much to our know-

ledge. It is the youngest of all the methods and has still

much to do. There is still much to be acquired regarding

the terminal organs, and more as to the topographical his-

tology of the brain. It may be stated generally that when

any theory regarding the physiology of a nervous organ is

supported by evidence derived from each of these lines of

enquiry, it may be accepted as true ; but if it be contradicted

by one or more, there is a fallacy to be discovered. Thus,

the anatomist, histologist, physician, surgeon, pathologist,

and physiologist are all engaged in the great work of un-

ravelling the intricacies of nervous mechanism, a work which

I
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cannot fail to have important influences in the future, as

it has had in the past, on the diagnosis and treatment of

nervous diseases.

I.—FUNCTIONS OF THE PERIPHERAL NERVES.

Nerves originate from centres such as the spinal cord and

brain, and ramify in all directions throughout the body.

To distinguish them from the nervous cords or tracts which

unite various portions of the nerve centres \vith each other,

they may be termed peripheral^ and for convenience may be

classed as spinal, cranial, and sympathetic. In many classi-

fications, the sympathetic nerves are kept entirely distinct

from those termed cerebro-spinal ; but it will be seen that

there are the most intimate connections, both anatomical

and physiological, between the two. The nerves issuing

from the cerebro-spinal axis may also be divided into motor

and sensory; and those found in connection with the ter-

minal organs in the eye, ear, &c., are known as nerves of

special sense. In considering nerves, we shall divide them

as follows: (1) spinal nerves; (2) cranial nerves
; (3) sym-

pathetic nerves ; and (4) nerves of special sense. Having

described these, we will be in a position to consider the

functions of the centres with which they are connected.

A.-FUNCTIONS OF THE SPINAL NERVES.

The spinal cord gives origin in its course to thirty-one

pairs of spinal nerves, each nerve having two roots, anterior

and posterior, the latter being distinguished by its greater

thickness and by the presence of an enlargement called a

ganglion, in which are found numerous bi-polar nerve-cells.
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The fibres forming tliese roots may be traced into the cord,

and their distribution will be considered in treating of that

structure. The fibres of the two roots become intimately

mixed with each other, so as to form the common trunk of

the nerve at a very short distance beyond or close to the

ganglion. The important discovery that these roots have

different functions, that the fibres of the anterior root are

motor and those of the posterior sensory, was made by

Sir Charles Bell in 1811. This discovery was founded

chiefly upon an experiment made by Bell, in which he found

that irritation of the anterior roots of the spinal nerves in

an animal shortly after death caused contractions of muscles,

whilst irritation of the posterior roots produced no effect.

In 1822, Magendie showed that irritation of the posterior

roots caused pain. In some experiments made on warm-

blooded animals, irritation of the peripheral end of the

anterior root may cause not only contractions in the muscles,

but also indications of pain. These indications of pain may

still continue even after division of the mixed nerve beyond

the fusion of the roots, but they cease at once on division of

the posterior root. From this it has been inferred that

some sensory fibres coming from the posterior root may

form a loop into the anterior root, and then pass along the

mixed nerve. By applying the method of Waller, described

at p. 156, these looped fibres have been traced by degenera-

tion occurring after separation from the ganglion.

Consult Charles Bell's works on the Nervous System. The first

indication of Bell's views is given in a tract printed in 1811, entitled

"Idea of a New Anatomy of the Nervous System." Magendte's

original experiment is detailed in the Jour, de Physiol. Experiment.

,

1822; the mode of demonstrating the facts is described by Michael

Foster, in Handbook for Physiological Laboratory, p. 408.
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B-FUNCTIONS OF THE CRANIAL NERVES.

These are so named from their passing through foramina

in the base of the cranium. They are arranged according to

different systems, as follows :

—

Willis, i Physiological NaME. Soemmering.

First pair, Olfactory, .

.

. First pair

vSecond ,

,

Optic, . . Second ,,

Third ,, Oculo-motor, . Third ,

Fourth ,,

Fifth „
Pathetic,

Trifacial,

. Fourth ,

. Fifth

Sixth ,, Abducent-ocular, . Sixth

Seventh ,,
\
Poi •fio dura Facial-motor, . Seventh ,

{pot'tlo mollis Auditory, . Eighth ,

( Glosso-pharyngeal . Ninth
Eighth ,, < Pneumogastric or a

( Spinal-accessory,

ragus. Tenth :

. Eleventh
,

Ninth .

,

. Hypoglossal,

.

. Twelfth ,

Of these, three are exclusively connected with special

sensation, namely, the olfactory, optic, and auditory. Two
are nerves of common, and partly also of special, sensation,

and are combined with motor fibres close to their origin,

namely, the fifth and eighth ; the fifth having a motor root

of its own, and the eighth receiving motor fibres from the

spinal-accessory and from the roots of the pneumogastrics.

The remaining nerves are all nearly exclusively motor, but

some, more especially the facial, are combined with sensory

fibres in the course of their distribution.

1. The Olfactory Nerve.

This is the nerve of smell. After its destruction the

animal cannot perceive odours, but it is still sensible to

irritating vapours such as ammonia.

^ In stating the number of a nerve, Willis' classification will be

used.

2h
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2. The (3ptic Nehve.

This is the nerve of vision. Section is followed by

blindness. Irritations of any kind excite luminous sensa-

tions. The fibres are insensible to the direct action of light,

and only respond normally to impressions received from the

retina.

3. The Oculo-motor Nerve.

The oculo-motor, or third, is purely a motor nerve, sup-

plying filaments to all the muscles of the eye-ball with the

exception of the external rectus and superior oblique. It

also supplies the circular fibres of the iris, and the ciliary

muscle. Division of the whole of this nerve at its root

causes complete paralysis of the muscles supplied by it j the

upper eyelid hangs down and cannot be raised, in conse-

quence of paralysis of the levator palpabrse superioris, and

the eyeball is drawn downwards and outwards by the action

of the external rectus and superior oblique. There is also

dilatation and immobility of the pupil. Stimulation of the

distal end of the nerve causes violent convulsive movements

of the eyeball and contraction of the pupil. In cases of

disease in man paralysing this nerve, the power of accommo-

dating the eye to different distances has been lost or much

impaired. The mechanism by which accommodation is ac-

complished will be described in treating of vision. When
the two nerves are intact, the optic axes unite at a proper

angle so as to secure simple binocular vision ; consequently,

paralysis causes divergence of the optic axis on the diseased

side, and there is a sensation of double vision, the image on

the affected side being apparently somewhat higher than on

the other, and crossing it.
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4. The Pathetic Nerve.

This nerve supplies the superior oblique, and it determines

the rotation of the eye, by which the pupil is carried up-

wards. After division, the pupil is directed somewhat

downward and to the side, by the action of the inferior

oblique. In these circumstances, there is double vision, but

the two images are separate and distinct.

5. The Fifth or Trifacial Nerve.

This nerve consists, at its origin from the side of the Pons

Varolii, of two portions of very unequal size, the smaller

being the motor portion, whilst the larger, having on it the

Gasserian ganglion, is sensory. The lesser or motor root

unites with one of the three large branches given off by

the posterior root, so that of the three main divisions which

separate from each other beyond the ganglion, the ophthal-

mic and superior maxillary division are purely sensory,

whilst the inferior maxillary part is senso-motor. Irrita-

tion of the larger root causes pain without any muscular

movements, whilst irritation of the smaller root excites

convulsive motions of the muscles of mastication without

l)ain. Section of the larger root causes the loss of common

sensation in the cutaneous and mucous surfaces of the head

and face, in the salivary and lachrymal glands and teeth,

loss of taste as well as loss of tactile sensibility on the tip

of the tongue. After section, also, it has been observed that

from loss of sensibility, the animal has difficulty in masti-

cation.

a. The OiMialmic Division.—This branch is purely sensory.

It also exerts an influence over the secretion of tears.

Excitation of the lachrymal nerve or of the ophthalmic

division causes copious secretion by the gland. Magendie
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pointed out that after section, the cornea becomes opaque,

and keratitis is set np which may result in ulceration and

perforation of the cornea. At the same time there is a

diminution in the tension of the eyeball. Some have

supposed from these results that certain filaments may
exercise a nutritive or trophic influence over the tissues

of the eye.

b. The Superior Maxillary Division is sensory; but it fur-

nishes filaments to the nasal and palatine glands. When
cut, the mucus in the nostrils becomes thick and san-

guinous, and ulcerative changes may occur in the membrane.

The sense of smell is quickly lost, as this nerve supplies

vaso-motor filaments to the vessels of the nostril : and also

filaments to the nasal glands.

c. The Inferior Maxillary Branch is partly sensory and

partly motor. One of its most important branches is the

lingual which confers both tactile sensibility and the special

sense of taste on the anterior portion of the tongue. Section

of this nerve abolishes taste, more especially for sweets.

Some hold the opinion that the gustative fibres are derived

from the chorda tympani, but experimental evidence is very

contradictory on this point.

Section of the auriculo-temporal nerve arrests secretion by

the parotid gland, whilst irritation of the distal end causes

increased secretion. Bernard has shown, however, that

such secretory filaments do not belong to the fifth nerve,

but come from the facial by the small superficial petrosal

nerve. As seen in p. 488, the secretions of the submaxillary

and sublingual glands are influenced by the chorda.

The fifth nerve also contains the vaso-motor filaments

which accompany the vessels in the oral cavity. Such

filaments, aided by the action of such as directly suppl}^

mucous glands, no doubt assist in maintaining the nutrition

of the structures.
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The fibres of the small root of the 5th, as already pointed

out, pass entirely to the sub-maxillary division, and they

innervate the temporal, masseter, two pterygoids, the an-

terior belly of the digastric, the mylo-hyoid, and circumflexus

palati. A filament passes also from the otic ganglion to the

tensor tympani muscle.

Section of the nerve on one side causes the jaw to be

pulled to the sound side so that the suj)erior and inferior

teeth do not correspond. In the rabbit, where the growth

of the incisors is continuous, these teeth may continue to

grow, and by attrition side to side become sharp and angular.

d. The Ganglia in .connection with the Fifth.—These are

the ophthalmic, the spheno-palatine or Meckel's, the otic,

and the submaxillary, [a) The Ophthalmic.—Destruction

causes insensibility of the cornea. Section of the ciliary

nerves which proceed from it is followed by dilatation of

the pupil. The motor fibres which supply the circular

fibres of the iris come from the third; the sympathetic

also supplies motor branches which act on the radiating

fibres of the irisj whilst the fifth furnishes all the sensory

fibres. The filaments governing the ciliary muscle, in con-

nection with accommodation, come from the third. (6) The

Spheno-iKilatine, in connection with the superior maxillary

division, is so deeply seated as to render experimental

results very doubtful. Extirpation does not cause pain,

nor is it followed by any alteration in nutrition, nor by

modifications in the vascularity of the nasal mucous

membrane; smell and taste are also unaflfected. The

motor fibres of the ganglion are derived from the facial

by the great superficial petrosal and the vidian; the

sensory filaments come from the fifth; and it also contains

sympathetic fibres received from the carotid plexus. (c)

The Otic ganglion, connected with the inferior maxillary,

has not been examined experimentally with any degree of
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success, and our knowledge of the functions of its different

roots and branches is derived from anatomical evidence.

Some doubt has arisen as to the origin of its motor root:

according to Hyrtl, the motor fibres come from a branch

of the inferior maxillary supplying the internal pterygoid

muscle j whilst Longet has stated that they are filaments

of the facial passing through the small superficial petrosal

nerve. The sensory fibres are derived from the glosso-

pharyngeal by Jacobson's nerve; and the sympathetic fila-

ments come from the plexus surrounding the middle menin-

geal artery. It has been clearly ascertained that the secretory

fibres supplied to the parotid gland come from this ganglion,

having reached it from the facial through the small super-

ficial petrosal nerve, {d) The facts known regarding the

submaxillary ganglion, which, from its readiness of access, has

been examined experimentally, are stated at p. 234. The

various ganglia just described may be regarded as local

refiex centres, associated Avith local and limited movements

or with secretion.

6. The Sixth Nerve.

This nerve supplies the external rectus muscle. Section

causes the eye to be pulled somewhat inwards; and irrita-

tion of the distal end is followed by deviation of the eye to

the side.

7. The Facial Nerve.

The seventh pair consists of two nerves, the auditory,

connected with the sense of hearing, and the facial. The

function of the facial is motor. Section of the nerve at

its root is followed immediately by paralysis of the muscles

of the face ; the countenance is devoid of expression on the

affected side; the features are dragged towards the sound
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side ; tlie mouth is oblique. The affected half of the face

is a little more prominent than the sound half, which is

wrinkled and contracted. The paralysed side is broader

than the sound side, the eyelids are wide open, and the

ej^e appears larger than its fellow. The muscles moving

the jaws are still obedient to volition ; mastication is easily

performed, and substances can be held between the teeth.

The lips on one side are paralysed, food collects between

the gum and the cheek, and sometimes escapes from the

mouth. The pronunciation of labials such as h and j^i

and of 0, is imperfect. With all these symptoms, however,

there is no loss of sensibility.

The nerve is therefore to be regarded as the special

nerve of expression. It has been difficult to determine with

accuracy to what extent sensory filaments may be mixed

with the nerve during its passage from its origin through

the aqueduct of Fallopius. At its root, there is a small

filament connecting it with the auditory ; when the nerve

eiiters the aqueduct of Fallopius, it swells into the geniculate

ganglion, where it is connected with the spheno-palatine

ganglion by the great superficial petrosal nerve, and with

the otic ganglion by the small superficial petrosal nerve;

and lastly, it receives filaments from the pneumogastric

by the auricular branch of that nerve, joining the posterior

auricular branch of the facial. Experiment has shown that

the facial is insensible at its origin, but that it is slightly

sensitive after its issue from the stylo-mastoid foramen.

Its sensitiveness in this region, however, has been acquired

by anastomosis with other nerves. Claude Bernard showed

that after section of the nerve below its anastomosis with

the pneumogastric, both cut ends were sensitive ; on dividing

the pneumogastric branch, sensitiveness disappeared from

the central portion. Whilst within the aqueduct of

Fallopius, it also gives off a small motor twig to the
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stapedius muscle, and an important branch, the choixla

tympani. The latter is a complex nerve, containing at

least three kinds of filaments—some connected with the

sense of taste in the anterior part of the tongue ; others

governing secretion in the salivary glands; and a third

distributed to the vessels of the glands. Facial paralysis,

caused by disease of the nerve, has also been attended by

loss of taste in the tip of the tongue. The influence of

the chorda tympani on secretion has often been alluded to.

The paroiid fibres separate from the facial at the geniculate

ganglion, pass through the small superficial petrosal, reach

the otic ganglion, from thence to anastomose with the

auriculo-temporal branch of the fifth, ultimately ter-

minating in the gland. The submaxillary and sublingual

fibres travel through the chorda tympani to the submaxillary

ganglion, and thence to the glands. The functions of the

nervous band between the facial and auditory are unknown

;

but Bernard, from various experiments, inclines to the

opinion that it is composed of sympatlietic filaments, Avhicli

are ultimately distributed to mucous surfaces and glands.

8. The Glosso-Phahyngeal Nerve.

The eighth pair of nerves consists of tlie glosso-pharyngeal,

pneumogastric, and spinal accessory nerves. It is necessary

to consider them separately.

The glosso-j^haryngeal is sensory at its origin. It con-

tains also numerous filaments, distributed to the back of

the tongue and the fauces, which act as sensory fibres in

the reflex mechanisms of deglutition and vomiting. It also

confers the special sense of taste to the posterior third of

the tongue. Its section diminishes gustatory sensibility over

the whole of the tongue, especially for bitter substances. It

is not, however, the only nerve of taste, as the chorda tympani
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and lingual branch of the fifth, also contain gustatory fibres.

It probably also contains motor fibres for the stylo-pharyngeal

and middle constrictor muscles, and a few vaso-motor fibres.

9. The Pneumogastric or Vagus Nerve.

The pneumo-gastric nerve arises from the medulla

oblongata, in a line below the last nerve; and the deep

fibres may be traced into the grey matter near the floor

of the fourth ventricle. Two ganglia are situated on its

roots; the upper one, small and rounded, in the foramen

lacerum; the lower, elongated and plexiform, at the place

of origin of the su^DeriOr laryngeal branch of the nerve.

Nearly all the fibres of the roots of the nerve pass through

one or other of these ganglia ; a few of those arising lowest

down from the medulla appearing to pass the ganglia with-

out being involved in them. Besides these fibres, the

pneumo-gastric nerve is joined, between the ganglia, by

the internal portion of the spinal accessory nerve, con-

stituting a considerable bundle of fibres which may be

traced past the lower ganglion, and which contributes

mainly to form the motor part of the vagus. The vagus

is connected near its root with the sympathetic, glosso-

pharyngeal, hypoglossal, and some of the upper spinal

nerves. The functions of the pneumo-gastric have already

been partially described in relation to the nervous arrange-

ment of the heart, lungs, stomach, and liver; but a brief

resume will now be given :

—

a. Irritation of the root causes p>ain, but there is much
more pain if the stimulus be applied to the trunk of the

nerve below the place where the sujoerior laryngeal branch

is given ofi*. It is evident, therefore, that the pneumo-

gastric contains ordinary sensory nerves which originate

in the mucous membrane of the air j)assages, the base of
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the tongue, palate, pharynx, oesophagus, and stomach.

Such fibres may also originate in the heart and bile

ducts. From many of these situations, they probably

transmit impressions which result in such sensations as

hunger, thirst, a feeling of repletion, or those referable to

the respiratory organs.

h. Irritation of the superior laryngeal branch causes pain

and contraction of the crico-thyroid muscle; section paralyses

the muscle, causes hoarseness, and destroys the sensibility

of the larynx. Irritation of the inferior or recurrent laryn-

geal causes no pain, but excites contraction in all the

muscles of the larynx, with the exception of the crico-

thyroid; section causes paralysis of the muscles of the

larynx, abolishes voice, and there is a risk of suffocation.

The superior laryngeal is therefore evidently, with the

exception of its twig to the crico-thyroid, and, according to

some, a branch supplying half the arytenoid, a sensory

and afferent nerve ; whilst the inferior laryngeal is the

principal motor and efferent nerve, along which impulses

pass to the laryngeal muscles, causing the necessary move-

ments in voice.

c. In addition to the motor fibres passing to the larynx,

the vagus supplies motor filaments to the following muscles

:

the azygos uvulae, the palato-glossus and palato-pharyngeus,

the constrictors of the pharynx, and the muscular coats of

the oesophagus and stomach; probably also to the fibres

found in the bronchia of the lungs. Yarious observers have

seen movements of other organs on stimulating the distal

end of the divided nerve. For example, such movements

have been seen in the spleen, uterus, and bladder; but from

the difficulty of cutting off all other nervous communica-

tions, these results are very doubtful.

d. It has already been shown (p. 329) that the vagus

contains at least two sets of fibres i-elated to the heart

:
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(1) inhibitory, the function of which is to restrain the

activity of intra-cardiac ganglia, and (2) those of the

depressor nerve, which act upon the vaso-motor centre

in the medulla. Possibly, also, it may contain fibres con-

^^eying ordinaiy sensory impressions to the brain, an

increased excitability of which may give rise to such

feelings of distress and agony as are experienced in angina

pectoris.

e. Four sets of fibres are also probably distributed to the

stomach : motor, influencing its movements ; sensory, con-

veying impressions of ordinary sensibility or of pain

;

inhibitory, as pointed out by Rutherford, which restrain the

activity of the vaso-motor centre in the medulla, acting-

through the splanchnic nerves ; and secretory, influencing

the formation of gastric juice. The latter influence is

doubtful, as experiments have been indecisive.

f. Experiments have also shown, as already described on

p. 404, that the vagus, as related to the process of respira-

tion, contains four sets of fibres: (1) ordinary sensory fibres;

(2) pulmonary fibres, the activity of which excites the

inspiratory and paralyses the expiratory centre
; (3) laryn-

geal fibres, which so act as to excite the expiratory and

paralyse the inspiratory centre; and (4) motor fibres dis-

tributed to the walls of the bronchia.

g. Bernard has stated that irritation of the pneumogastric

increases the quantity of sugar and glycogen in the liver.

Section of the nerve below the heart and lungs is not

followed by any effect on the glycogenic function, whilst

irritation of the central end is followed by the appearance of

sugar in the urine. As already stated in p. 431, these facts

indicate that the influence of the vagus on the formation of

glycogen is only indirect, and is explained by the effect of

some of its filaments on the vaso-motor centre.
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10. The Spinal Accessory.

This nerve is exclusively motor. Its external branch,

derived from the cord, supplies the sterno-cleido-mastoid,

along with branches of the cervical plexus ; its internal

branch, springing from the medulla, gives motor fibres to

the vagus which supply the muscles of the larynx through

the recurrent laryngeal. Experiments by Bernard also

show that, in phonation, this nerve acts, by its internal

branch, chiefly upon the glottis, the organ producing sound

by the vibration of the vocal cords in a state of tension

;

whilst through its external branch, by regulating the action

of the sterno-mastoid and traj^ezius, it controls the amount

of air expelled during the emission of sound. He found

that, after section of the external branch, there was short-

ness of expiration and great breathlessness, especially when

the animal moved quickly, owing to the want of a regulated

discharge of air being sent through the glottis. Irritation

of the central end of the divided spinal-accessory nerve

causes pain, probably on account of its anastomosis with the

vagus and with the posterior roots of spinal nerves.

11. The Hypoglossal or Ninth Nerve.

This nerve is distributed entii^ely to muscles : these are

the hyo-glossus, stylo-glossus, genio-glossus, and lingualis
;

and by its descending branch, along with the parts of the

third and fourth cervical nerves with which it is united, to

the thyro-hyoid, sterno-hyoid, sterno-thyroid, and omo-hyoid

muscles. At its root, it is entirely motor. Irritation of

the root does not cause pain; but when aj^plied to the

branches of the nerve it may do so, probably owing to

anastomoses with sensory nerves. Section paralyses the

muscles of the tongue, and renders articulation in speech,

and the first act of deglutition, difficult.

i
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Here it may be pointed out that the innervation of

the tongue is as follows : motor filaments are derived en-

tirely from the hypoglossal ; sensory filaments of two kinds,

namely (1) sense of touch, chiefly due to the lingual branch

of the fifth ; and (2) sense of taste to {a) giosso-pharyngeal,

for the posterior third, and {!)) chorda tympani and lingual

of the fifth, for the anterior two-thirds. The vessels of the

tongue obtain vaso-motor branches from the sympathetic.

Consult {1st jKiir) Claude Beknard, Le9ons sur la Phys. et la

Path, du Systeme Nerveux, p. 226 ;
{3rcl pair) Frances, Essais sur

la Paralysie de la 3° Paire, 1854 ; {4th pair) Szokalsky, De I'lnflueiice

des Muscles Obliques sur la Vision, 1840
;
{5th pair) Charles Bell,

In collected writings on Nervous System ; Mayo, In Anatomical

and Physiological commentaries ; Magendie, Journal de Physiolo-

gie, 1822,1824; Longet, Anat. and Physiol., der System Nerv.

;

{Gth pair), Bernard et Longet, ut supra
;
{7th pair) Treatises by

Bell, Mayo, Magendie, and Longet, above noted ; VuLriAN,

Kecherches sur la Corde Tympane, 1873 ;
{8th pair), John Heid's

Works, 1844 ; Spence, in Edin. Med. and Surg. Journal, 1842

;

Brown-Sequard, Gazette Medical, 1854. An elaborate account

of the physiology of the cranial nerves will be found in Flint's

Physiology, and in Beaunis' Physiologic.

C.-FUNCTIONS OF THE SYMPATHETIC NERVE.

1. General Anatomical Arrangements.

The fibres of the sympathetic system found in any

part of the body consist of two kinds : (1) of grey or

gelatinous fibres, destitute of the white substance of

Schwann (Fig. 121, g) ; and (2) of medullated fibres similar

to those met with in the cerebro-spinal nerves. The grey

fibres originate chiefly in the ganglia so prevalent in the

sympathetic system, whilst the tubular fibres are derived

from the cerebro-spinal system. The trunk of the great
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sympathetic nerve constitutes a cliain of swellings, connected

l)y intermediate cords of grey nerve fibres, and extending

]iearly symmetrically on eacli side of the vertebral column,

from the base of the cranium to the coccyx. On this part

of the nerve, 24 or 25 ganglia are placed on each side.

This great trunk, as it passes along the spine, is connected

with the sjoinal nerves, the connecting fibres being of two

kinds, one consisting of white or tubular, and the other of

grey or gelatinous fibres. The first set of these connecting

cords conveys cerebro-spinal fibres into the sympathetic sys-

tem, and the second transmits grey fibres from the sym-

pathetic into the cerebro-spinal nerves. Allen Thomson

has remarked that " in the fros^, the white communicatino;

twigs between the spinal and sympathetic nerves prevail

at the upper part of the spine, becoming smaller, or ceasing

altogether at the lower part, whilst the grey communicating

twigs remain there of their full size." (Physiology, p. 155.)

The general conclusion is that, while the grey fibres pre-

dominate in the sympathetic nerves, and the medullated

in the cerebro-spinal, these two elements are mixed in

vai'ious proportions in both of the great divisions of the

nervous system.

At their lower extremities, the main trunks of opposite

sides generally unite in the middle line ; and at the upper

eiids, each trunk, after being connected with the eighth

and ninth cranial nerves external to the cranium, passes into

that cavity along with the internal carotid artery, and

there, as well as in other situations, comes into connection

with all the remaining cranial nerves, except the olfactory,

auditory, and optic. This conjunction may be effected

directly, as with the fourth, sixth, and ninth nerves; or

through a ganglion, as the ophthalmic, with the third and

fifth ; the spheno-palatine, otic, and submaxillary, with the

fifth and facial : the geniculate, with the facial ; the jugular,
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with the glosso-pharyngeal j and with the vagus, through

one of its own ganglia. On the fibres of the sympathetic dis-

tributed to the viscera, numerous ganglia, or plexuses in

which ganglia exist, are met with, and frequently there

is a plexus following the course of each great vessel. Thus,

we find the sympathetic contributing to the innervation

of all the glands and viscera in each region of the body, and

the details are recorded in any anatomical work.

2. The Kesults of Experiment.

Certain of the results obtained by cutting or irritating the

sympathetic nerve have already been stated in describing

the innervation of the heart, stomach, &c. It has been

shown that if the sympathetic be cut in the neck, there is a

dilatation of the vessels, both superficial and deep, on the

afiected side, an increased supply of blood, elevation of tem-

perature, contraction of the pupil, and an increase of all the

secretions, as shown by sweating and the secretion of tears.

These results w^ere partially revealed by Petit in 1727, by

Dupuy in 1816, by Brachet in 1837, and by John Reid in

1838; but it was not until 1852 that their full significance

was shown, their cause specifically stated, and the special

discovery of the increase of temperature was made, by Claude

Bernard. Soon afterwards, Brown-Sequard demonstrated

that irritation of the cephalic end of the divided nerve was

followed by the gradual disappearance of all of these effects,

thus completing the experimental demonstration of the

influence of the sympathetic on vessels. These investigations

led to the recognition of the sympathetic as the nerve sup-

plying the contractile coats of vessels with nervous energy,

so as to keep them in a state of partial contraction. Cut

the nerve, and the vessels will dilate; stimulate the end

next the vessels, and they will contract. Such nerves have
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received the name of vaso-motor, or constrictor nerves of the

vessel. The next question to be determined was as to their

origin. Anatomists, as already pointed out, had shown that

numerous connections existed between the cerebro-spinal and

sympathetic systems, and physiologists, by severing these

connections and by cutting portions of the cord or medulla,

endeavoured to discover the effects thereby produced. The

following are the general results arrived at :

—

a. The vaso-motor fibres of the head are supplied by the

cervical portion of the sympathetic, and originate in the

cervical region of the cord, proceeding from it by the anterior

roots of the loAver cervical and upper dorsal nerves. The

motor fibres supplying the radiating fibres of the iris also

originate in the same region, so that section of the sym-

pathetic in the neck paralyses the^e fibres, the result being

contraction of the pupil, from the influence of the third nerve,

supplying the circular fibres being unopposed.

b. The vaso-motors of the upper limbs and of the thorax

come— (1) from the inferior cervical and superior thoracic

ganglia, and (2) from the cord, by communicating branches

between the third and seventh dorsal vertebrae.

c. The vaso-motors of the lower limbs come from the

cord throngh the sciatic and crural nerves ; whilst those of

the pelvic organs are derived from the abdominal ganglia of

the sympathetic.

d. The vaso-motors of the abdominal viscera exist chiefly

in the splanchnic nerves ; but some fibres supplying the

stomach appear to be derived from the pneumogastric.

a. 77ie Functions of the SjiilancliniG Nerves.

These nerves, three in number— " the greater, the lesser,

and the smallest"—all arise in man from the thoracic ganglia

of the sympathetic, from the fifth to the tenth (greater),

tenth and eleventh (lesser), and twelfth (smallest) thoracic
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ganglia of the sympathetic. The first two appear to supply

chiefly the stomach, liver, spleen, pancreas, and intestines;

whilst the second and the third disappear in the plexus

passing to the kidneys. It must be admitted that the

ultimate distribution of each, at least so far as man is con-

cerned, is imperfectly known. When exposed and divided

in the lower animals, the abdominal viscera become engorged

with blood—there is consequently gi-eatly diminished blood

pressure in other portions of the circulation, as may be

shown by connecting a kymograph with the carotid artery

;

irritation of the distal end causes contraction of vessels and

an elevation of blood pressure generally. These facts show

that, whatever other functions they may have, the splanchnics

are the great vaso-motor nerves of the abdominal viscera;

but it is likely tliey also contain fibres which may directly

influence secretion. Some have stated that irritation of the

nerves inhibits or restrains intestinal movements.

b. The Vaso-motor Fibres of the Extremities.

These are contained in tlie nor\'ous trunks familiar to

anatomists. Section of the sciatic nerve causes dilatation of

the vessels of the affected limb, and usually swelling. This

may be readily demonstrated in the frog by having the web

of the foot under the microscope and observing the eftects of

section. A similar effect has been seen in the limbs of man
during paralysis from the influence of extreme cold.

c. Relation of the Vaso-motor Filaments to the

Cerehro-sinnal System.

In 1832, Nasse showed that there was an elevation of

temperature in the limbs after section of the spinal cord
;

and in 1852, Brown-Sequard discovered that section of one

half of the cord, in the dorsal region, was followed by an
2i
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increase of temperature in the opposite posterior extremity.

Tlie rise in temperature was found to be coincident with an

increase in the calibre of the vessels. On stimulating the

distal end of the cord, Pfltiger found that the vessels con-

tracted and the temperature fell. These facts indicate that

at least a portion of vaso-motor filaments come from the

cord, and the next point to be ascertained is, do they come

from several segments, or from one more than another'?

Here there are great differences of opinion among observers.

Some think that vaso-motor centres are scattered throughout

the cord ; whilst others are of opinion that the chief centre

at all events is in the medulla oblongata, as stated at p. 367.

The latter view is supported by the experiments of Ludwig

and Owsjannikow, which clearly show that when a particular

part of the medulla oblongata is severed, there is at once a

dilatation of the smaller vessels throughout the body, and a

consequent fall of pressure in the larger vessels. The fol-

lowing resume shows at a glance the general functions of the

sympathetic, as at present determined by experiment :

—

I. The Cervical Syniiiatlieiic contains

—

1. Yaso-motor fibres for the same side of the head.

2. Accelerating fibres for the heart (p. 332).

3. Fibres which supply the dilating fibres of the iris.

4. Fibres for the salivary and lachrymal glands.

5. Afferent fibres which excite the origin of the inhibitory

fibres of the vagus (p. 332).

6. Afferent fibres which may stimulate the vaso-motor

centres.

II. The Thoracic Sympathetic contains, either in filaments

proceeding from its ganglia, or in the splanchnic nerves

—

1. Yaso-motor fibres for the vessels of the abdominal viscera.

2. Inhibitory fibres, restraining the movements of the

intestinal wall.

I
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3. Fibres, the section of which is followed by appear-

ance of sugar in the urine.

III. The Abdominal and Fdmc Sympatlietic probably

contain fibres supplying the vessels of the parts, but we

have no exact information on the subject.

d. General Illustrations of the Influence of the SymiKithetic.

Though much of the exact mechanism is still obscure, it is

important to notice the influence which the sympathetic

exerts on the j^i'ocesses of nutrition and of excretion. It

probably exerts this influence chiefly through the filaments

by which it governs the calibre of vessels j thus regulating

the su})ply of blood to a part, and promoting or diminishing,

as the case may be, the interchanges constantly taking place

between the blood and the tissues. Some have supposed

that such filaments may exert a directly nutritive eflect,

becoming Avhat they have called trophic, or nutritional ; but

such an influence cannot be explained by any theory of

nervous activity at present held, nor by any histological

observations. So far as observation goes at present, the

filaments of the sympathetic are distributed only to the

involuutary fibres of organs, such as those of the iris or of

the stomach, or of vessels, in both instances, causing move-

ments of a slow and possibly of a rhythmic character. All

the phenomena of the sympathetic may be accounted for on

this basis, without supposing that they exercise any direct

influence either on secreting structures or on the growth and

development of tissue. The question of whether or not

there are afferent fibres in the sympathetic, conveying

impressions which may excite reflex actions of one kind or

another, is not settled. Direct exjDerimental evidence is in

favour of the view that there is no action of this kind, and

that the majority of fibres in the sympathetic system convey
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impulses centrifugally, affecting tlie vessels of glands, of

membranes, or of tissues generall3^ Still, it must be

confessed that we know nothing Avhatever, either by in-

ference from liistological obserTations, or by direct experi-

ment, of the actions of tlie so-called non-medullated or grey

fibres; and it is possible they may liaTe some kind of direct

effect at present unknown. The importance of renewed,

investigations in this field of enquiry can scarcely be over-

rated. Many of the phenomena of fever, cholera, acute

rheumatism, inflammation, ttc, have been accounted for by

affections of the sympathetic; bub the kind of information

offered is hypothetical and unsatisfactory.

D.-FUNCTIONS OF THE NERVES OF SPECIAL SENSE.

The various kinds of sensory impressions are (1) the sense

of touch
; (2) the sense of taste

; (3) the sense of smell
; (4)

the sense of vision ; and (5) the sense of hearing. All of

these are produced by a process which may be conveniently

divided into three portions : (1) the action of some kind of

external stimulus on a terminal organ, connected with the

fibres forming the nerve of special sense
; (2) tiansmission

along the nerve of some kind of activity corresponding to

the external stimulus; and (3) the reception of the im2:)res-

sion in some portion of the brain, the result being a conscious-

ness of the impression, or, as it is generally termed, a sensation.

Thus, in the case of vision, the specific stimulus is light, the

terminal organ is the retina, the transmitting fibres are in

the optic nerve, and the recipient apparatus is in the brain.

Light has no influence on the brain itself, nor on the nerve,

but only on the retina. The normal stimulus to the nerve

is some kind of irritation proceeding from the retina, but it

is important to note that while both the retina and the

nerve may be stimulated by other activities than light, such



FuycrioNS of nervous centres. ,501

iis niecliaiiical pressure, electricity, or lieat, the sensational

result is ahvays of a luminous character. Thus, a blow on

the eye, pressure on the eyeball, intermittent pressure on the

nerve, electric shocks sent to the posterior part of the

eyeball, or severance of the optic nerve, always produce

luminous impressions which vary in intensity and character

according to the nature and strength of the stimulus. The

same is true of all the other senses. It is evident, therefore,

that the impressions transmitted along each nerve of special

sense to the brain may set up various kinds of activity in

that structure. A desciiption, however, of the organs of

sense involves so many details not strictly related to their

nervous mechanism, but connected with purely physical

conditions, as to make it inexpedient to enter upon it at this

istage. Further, the student will be better able to compre-

hend the ph^'siology of the senses after he has acquired

some information regarding the functions of the great

centres.

II. -FUNCTIONS OF THE GREAT CENTEES.

The ner^e centres consist of (1) the spinal cord
j (2)

medulla oblongata ; and (3) the encephalon. The latter is

chiefly formed by the cerebral hemispheres, corpora striata,

optic thalanii, corpora quadrigemina, and cerebellum.

A .

-GEXERAL AXA TOJJICAL CONDITIONS.

1. General Yiew of the Nervous System of

Invertebrates.

In none of the Protozoa, including such animals as

sponges, infusoria, tfcc, has any trace of a nervous system
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been discovered. Neither is any rudiment of it to be found

in the Hydrozoa} the first subdivision of the coelenterate

gi'oup of animals; but in Actinozoa, which comprehends

such animals as the sea-anemone, it is first discovered as a

little knot or nodule of nervous matter, from which delicate

fibres radiate. Such a nodule is called a ganglion, and

the filaments constitute nerves. Among the Echinodermata,

such as star-fishes, sea-urchins, &c., we find the nervous

system consisting of a number of ganglia, connected together,

so as to form a ring or nervous circle, from Avhicli nerve

filaments pass to various parts of the body. In some of the

Annelidce, or worms, we
find (Fig. 123, a), a gang-

lion, a, in the neighbour-

hood of the head, from

which two nervous cords

pass along the ventral

surface of the animal.

In the Mollusca there are

usually at least three gang-

lia wdth radiating nerves

—one in the head, one in

the foot, and one posterior

and above the alimentary canal. In the Jnsecta (Fig. 123,c),

we find a large ganglion, a, in the head, from which a double

cord passes backwards along the ventrcd surface of the ani-

mal, and in connection Avith which there are three or more

ganglia, as seen in the figure. In the Crustacece, such as

Fig. 123.—T^'pical forms of nervous system
in invertebrates. A, nervoiis system of a
Serptila, a marine annelide : a, cephalic
ganglion. C, nervous system of an ant: a,

cephalic ganglion. B, nervous system of a
crab : a, cephalic ganglion ; b, mass of ven-
tral ganglia fused together.

1 G. J. Eomanes has recently pointed out, in a series of remarkable

researches on Medusae, that in these animals we find phenomena

similar to nervous transmission sent along definite tracks, or some-

times diffused from one part of the body to the other, without any

liistological trace of differentiated nerve fibre. We have here an

example of the early stages of the evolution of a nervous system.
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t]ie common crab (Fig. 123, b), there is a large ganglion near

the anterior extremity, with nerves for the eyes and

antennse, a, while behind we find the ventral chain of

ganglia fused into one mass, h.

2. General View of the Nervous System of

Vertebrates.

All of the groups now mentioned belong to the inverte-

brate subdivision of the animal kingdom, and all have their

nervous system along the

ventral surface of their

body. In vertebrates we
find the principal portion

of the nervous centres

forming an elongated mass

along the dorsal aspect of

the animal, constituting the

cerebrospinal axis. This

consists, as illustrated by

diagram (Fig. 124), of a

chain of ganglia constitut-

ing the brain, behind which

there is an elongated mass

of nervous matter running
p XT 1 • 1 1 Fig. 124.—Diagram of an ideal or typical

irom the brain through brain, l, olfactory lobes; 2, cerebrum;
,-, ^ r J_^ J 1 1 3, corpus striatum ; 4, optic thalamus

;

tne canal OI tne vertebral 5, optic lobe; 6, cerebellum; 7, pons Varolii;

1 1 n 1 .

1

8, medulla oblongata ; 9, spinal cord. The
column, and callea the dotted curve indicates the possible devel-

Spinal cord. In all verte-
opment of the cerebral lobes.

brates, the cord seems to be much alike in general

structure and arrangements, but one animal differs from

another (as a fish from a frog, or a pigeon from a

rabbit) by the degree of development of the brain. This

consists of a series of ganglia, which, in a typical or ideal

t^^^^^^M
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brain, might be thus represented, Fig. 124 : (1) olfactory

lobes
; (2) cerebral lobes

; (3) corpora striata
; (4) optic

thalami; (5) optic lobes; (6) cerebellum; (7) pons Varolii;

and (8) medulla oblongata. Such a brain, for example, is

seen in many fishes (Fig. 125), where the cerebral hemi-

spheres, 2—, are still of very small size. The same arrange-

ment may also be seen in the brain oi Amphibians, such as

the common frog (Fig. 126); but here we find the cerebral

lobes larger, so that they now extend backwards, and cover

the corpora striata. When we ascend to reptiles, such as

Fm. 1:25.—Brain of

common Gurnari.1.

1, olfactory ; 2, cere-
bral lobes; 3, corpora
striata; 4, cerebel-

lum.

FiG.12o.—Brain of com-
mon Frog, a, olfactory;
h, cerebral lobes covering
corpora striata; c, cor-

pora quadrigemina, or
optic lobes; d,cerebellum
(rudimentary); s, back of
medulla, showing fossa.

Fig. 127.—Brain of Tor-
toise. 1, olfactoi'y ; 'I,

cerebral lobes; 8, corpora
striata; 4, optic lobes; 5,

cerebellum; 6, medulla.
I'art of the surface of the
cerebral lobes has been
removed to show the
cavities in the interior,

termed the ventricles.

the tortoise (Fig. 127), we find the cerebral hemispheres

larger, broader, and thicker as regards the amount of grey

matter on the surface. In the interior of the hemispheres,

also, we find the first appearance of cavities termed ven-

tricles. The hemispheres are also partially united by a

band of fibres, called the corpus callosum. The cere-

bellum (4) is still feebly developed. In birds, the cere-

bral hemispheres have undergone a considerably greater
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enkrgement, as seen in Fig. 128. The cerebellum, that

is, its medium lobe, which alone is yet visible, has be-

come much larger, and is divided into transverse laminae

;

an imperfectly-formed swell-

ing at the upper part of

the medulla, called the 2^ons

Varolii, is now seen; and

the corpus callosum extends

farther backwards, and is

more developed than in rep- Fig. 12s.— Brain of Pigeon, a, view from
,., T xi 1 1 ^ above; B, lateral view of a bisected brain,
tiles. In tJie lower orders 01 a—a, olfactory ; &, cerebral lobes ; c, optic

^r -f.
-»,i-

. T lobes; tZ, cerebellum ; e, medulla, B—a,
Mammalia, as Marsupialia cerebrum ; b, cerebellum ; c, olfactory ; d,

1 XT' J J. J. J. 1 1 optic nerves ; e, medulla: /, cord.
and Jiidentata, the corpjus cal-

•^'

losum and fornix are still imperfect, as in birds, and the cere-

bellum still exists chiefly in its median portion. A small

pons Varolii has now, however, made its appearance, and is

visible superficially, constituting a commissure for the cere-

bellum, along with the lateral parts of which it is developed.

Fig. 129.- Rabbit's Brain. 1, ol-

factory ; ^, surface of cerebral
hemisphere; 3, cavity in brain,
called a xxntride, in the floor of
^vhich is seen the cor;p'tifi striatum;
4, the cerebellum.

Fig. 130. —Cat's Brain, showing
convoluted surface. Contrast the
form of the cerebellum in the cat

and rabbit. In the former the
central lobe is small, whilst the
lateral are largely developed.

In these orders, and in the Eodentia (Fig. 129), the cerebral

hemispheres present scarcely any convolutions j and they are
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not large enoiigli to cover the cerebellum, nor even, in some,

the corpora quadrigemina. In the remaining orders of

Mammalia (Fig. 130), the cerebral hemispheres continue to

enlarge, chiefly inferiorly and posteriorly ; and the convolu-

tions make their appearance, and increase in number and

depth. The middle cornua of the lateral ventricles are

present; the lateral lobes of the cerebellum become more

apparent, but are still inferior in size to the middle one, and

along with them the size of the pons increases; the corpus

callosum and fornix (a band of longitudinal commissural

fibres) are developed from before backwards ; the corpora

quadrigemina, the same structures as form the optic lobes in

birds and reptiles, are proportionately large and in many

still hollow; the olfactory lobes are large, and contain a

cavity which communicates with the lateral ventricle;

Avhilst the posterior cornua of the lateral ventricle, the

posterior lobes of the cerebral hemispheres and ^^es hip2:)0-

camioi are still absent. In the dog, and still more in the

elephant, the convolutions are numerous and deep. The

Cetacea have a proportionally smaller brain, the surface of

which, however, shows many convolutions.

In the greater number of Quadrumina, the brain does not

attain a higher degree of development than that of the mam-

malia in general, as now noticed; but in the chimpanzee, oraiig,

and gorilla, in addition to the increased proportionate size

of the whole brain, an approach to the human configuration

and structure is very perceptible ; as in the development of

the posterior lobes of the hemispheres and posterior cornua

of the lateral ventricles, the presence of the pes hippocampi;

the increased number of the convolutions, and a slight degree

of want of symmetry between those of the opposite hemi-

spheres; the separation of the corpora albicantia ; the pro-

portional increase of the lateral lobes of the cerebellum and

the pons Yarolii. The whole brain is about one-fourth the
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actual size of that of man, and the cerebellum is propor-

tionally large.

Tlie following statement shows, in round numbers, the

average proportion of the weight of the brain to that of the

body, in different classes of animals; but from this scale

there are many individual deviations:— {Allen Thomson.)

Fishes, . 1 to 4000 or 6000. Mammals, . 1 to 180.

Eeptiles, . 1 to 1500 Orang, . 1 to 120.

Birds, . Ito 220 Man, . ito 40.

3. Special Anatomical Facts relating to Spinal

CORD.I

This portion of the cerebro-spinal axis extends, within the

vertebral canal, from the atlas to the space between the first

and second lumbar vertebrae. The cord and its coverings do

not entirely fill the vertebral canal, but are suspended

loosely within it, the spaces being filled by bloodvessels,

fat, &c., so as to allow of considerable motion of the

vertebral column without injury to the cord. The roots

of the spinal nerves are contained in the canal, gradually

becoming longer as they proceed from its lower part, below

which the long roots of the lower nerves are continued as

the Cauda equina in the lumbar and sacral portions of the

cord. The cord shows a slight enlargement or swelling at

the origin of the axillary, and at the origin of the sacral

nerves. These swellings are present in all animals in which

the limbs exist, and their size is proportionate to the size of

1 The anatomical arrangements of the various parts of the cerebro-

spinal system are fully detailed in any anatomical work (Quain,

II., p. 489), and are here alluded to in so far as is necessary for

comprehending our present knowledge of their functions.
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the respective limbs. The general arrangements of the cord

are shown diagrammatical ly in Fig. 131.

The cord consists externally of white, and internally of

,grey matter. The white matter, composed as already stated

entirely of fibres, forms a series of strands or cokimns iu

-each half of the cord. Thns, proceeding from the anterior

* median fissure, we find the ante-

rior column; beyond this, be-

tween the roots of the spinal

nerves, what is called the lateral

column ; and between the pos-

terior root and the posterior me-

dian fissure, we have the posterior

columns. From the absence of

any marked line of demarcation

between the anterior and lateral

columns, each half of the cord, so

far as the wdiite matter is con-

cerned, is frequently spoken of

as consisting of antero-lateral and

posterior columns. These dis-

tinctions have also a physio-

losjical sia:nificance. The grev

matter in the centre of the

cord is arranged in two crescentic masses, and shows under

the microscope numerous multipolar cells, connected with

nerve fibres, and imbedded in neuroglia. When traced in

numerous thin sections, it has been ascertained that a few

•of the fibres of an anterior root of a spinal nerve entering

on one side of the cord pass over to the other side, at the

bottom of the anterior median fissure, and then continue

their passage upwards towards the brain; the great majority,

however, do not thus decussate but pass up on the same side

as high as the medulla oblongata. The posterior roots

Fig, IBl.—Side View of the Spinal
Cord, showing the Fissures and
•Columns: 1, anterior median fis-

sure ; 2, posterior median fissure
;

3, anterior lateral fissure; 4, pos-
terior lateral fissure ; 5, lateral

column ; 6, anterior column ; 7,

posterior column; 8, posterior me-
dian column; 9, anterior root; 10,

posterior root ; and 11, gang-lion
of 12, a spinal nerve. (From
Gray's Ilunian A natoimj.)



MEDULLA OBLONGATA. 50D

contain fibres wliicli apparently divide into three sets, tlie

majority, entering tlie grey matter, disappear, some deenssate

into the posterior column on the opposite side, Avhilst the

remainder, few in number, pass up upon the same side.

These are the general facts shown by histological research.

1. Special Anatomical Facts relating to the Medulla
Oblongata.

The medulla oblongata constitutes the prolongation of the

spinal cord upwards, and unites it with the brain. N^early

the same columns of grey and white substance that exist in

the cord are to be recognized in the medulla, but are modified

by changes in form, structure, and relative position, and com-

bined with several new fasciculi, and masses of grey matter.

The greater part of the fasciculi of the medulla may be traced

upwards into the brain, some proceeding towards the cere-

l^ellum and others to the cerebrum. It is doubtful whether

any fibres pass directly to or from the encephalon and the

lower portions of the cord ; many physiologists are of opinion

that direct continuation is at all events not the rule, and that

the majority of fibres, both, from above and from below, find

.1 new point of departure in the cells of the medulla. Still

the tracts along which nervous transmission probably takes

place may be traced from below upwards, as follows: (1)

the fibres forming the anterior column divide into two por-

tions, passing to the same side of the encephalon: (a) a small

band which ultimately reaches the cerebellum ; and (Jj) a

l>ortion separated by anatomists into two strands, which

reach the corpora quadrigemina and the cerebral hemis-

pheres : (2) the fibres forming the lateral column pass partly

to the cerebellum on the same side, partly to the cerebrum

on the same side, and partly to the cerebrum on the

opposite side ; and (3) the gieater portion of the posterior
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column passes to the cerebellum, a small part, tlie fasciculus

(jracilis, going to the cerebrum. It is important to note that

each column of the cord, through the medulla, is thus con-

nected both with cerebrum and with cerebellum These

general facts may be impressed on the memory by the aid of

the following table :

—

Principal Fasciculi of the Medullary Fibres traced from Spinal

Cord through the Medulla Oblongata into the Brain.

! Columtis of
; Spinal Cord.

Divided into
Continued in the

Medulla Oblongata, ai
And pass into the

1 (
1. Small division call-

ed Band of Solly.

Part of restiform
body.

Cerebellum.

I.

;

^Sjs-teriok

2. Portion surround-
ing olivary nu-
cleiis.

Part of olivary fascic-

ulus.

Corpora quar
drigemina
and cere-

bral hemis-
pheres.

3. Outer fibres. Outer part of anterior
pyramid.

.... Cerebrum.

„ f

1. Fibres from surface
and deep part.

Part of restiform
body.

Cerebellum.

Lateral ^ 2. Decussating fibres. Anterior pyramid. Cerebrum.

^ 3. Remainder. Fasciculus teres. .... Cerebrum.

f

Posterior

I

1. Fasciculus cunietus
or all the fibres

with the exception
of the posterior
median column.

2. Posterior median
column, or fascic-

ulus gracilis.

Part of restiform
body.

Posterior pyramid.

Cerebellum.

Cerebrum.

Towards the centre of the medulla, histological research has

shown the origins of various nerves. Recollecting that in

the spinal cord the anterior roots of the spinal nerves origi- )m

nate chiefly from the anterior part of the grey matter, and 'P|

the posterior roots from the posterior part, one can readily

conceive that in the grey matter of the medulla, whicli is
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differentiated, tliree systems of nerve roots are met with : (1)

corresponding to anterior horns of grey matter
j (2) to the

]">osterior horns ; and (3) intermediate. Thus, to the third

class belong the spinal nerves, the pnenmogastric, the glosso-

pharyngeal, the facial, and the anterior root of the fifth ; to

the first, the hypoglossal and the motor oculi or third ; and

to the second, the posterior root of the fifth.

5. Special Anatomical Facts relating to the

Encephalon.

The encephalon includes a number of organs more or less

distinct from each other, but still connected by numerous

bands of fibres. The largest of these organs are the cere-

brum and cerebellum. Overlapped by the former, we find,

from before backwards, the corpora striata, optic thalami,

and corpora quadrigemina, constituting what are frequently

termed the hasal ganglia. In addition, we have at the

upper part of the medulla an enlargement termed the pons

Yarolii. With the view of comprehending the functions of

these various parts, it is necessary to point out a few

anatomical facts of physiological significance.

a. The Pons Yarolii.

This consists essentially of fibres passing in two directions,

viz., longitudinally, connecting the brain above with the

medulla and cord below; and transversely, conn-ecting the

lateral hemispheres of the cerebellum, thus forming what is

termed the middle peduncle of that organ. Mixed up with

these fibres, we find various nuclei, or deposits of gi'cy

matter, into which the roots of several of the cranial nerves

may be traced. Thus, the pons is commissural or connecting

in two directions, and at the same time has special deposits

of grey matter.
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h. The Cerebellum.

In connection with the physiology of this organ, it is

important to note how it is connected with the rest of the

cerebro-spinal axis. It has three peduncles : (1) the superior

peduncles, crura ad cerebruro, or processus ad testes, together

with the valve of Yieussens, a lamina stretched between

them, connect the cerebellum with the cerebrum
; (2) the

inferior peduncles, crura ad [medullam, are the upper ex-

tremities of the restiform bodies
; (3) the Tniddle peduncles,

or crura ad pontem, much the largest, are the lateral ex-

tremities of tlie transverse fibres of the pons Varolii. They

connect together the two halves of the cerebellum inferiorly.

All these peduncles pass into the interior of the cerebellum

at its fore part. (Quain.) In the interior of the organ, where

the peduncles enter, we find a nucleus of grey matter, called

the corjyus dentatum, and the cortical part is also formed of

grey matter, consisting of two distinct layers : an external,

Avhich is finely molecular; and an internal, consisting of

numerous granular cells. At the junction of these, in a

thin section, we find a single layer of large cells, called the

cells of Purhinje, shaped somewhat like tadpoles, the tails,

which are branched, being directed towards the surface of

the cerebellum.

c. Gorp)ora Quadrigemina.

These bodies, represented in birds, reptiles, and fishes, and

in the marsupial ia and monotremata, by the optic lobes, are

four rounded masses, placed two on each side of the middle

line, one pair before the other. The two anterior, the nates,

are connected with the optic thalamus and with the optic

tract ; the posterior, the testes, are related to the cerebral

peduncle. By the suj^serior peduncle of the cerebellum, they
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are also connected with that organ. It is important, there-

fore, to observe that they have anatomical connection with

the organs of vision, through the optic tracts, with the

cerebrum, through the optic thalami, with the cerebellum,

and also with the cerebral peduncles. They contain layers

of grey matter intermixed with fibres.

d, Oj^tic Thalcvnii and Corpora Striata.

Overlapped by the hemispheres of the cerebrum, and

deeply imbedded in their white substance, there are two

large ganglionic masses, the optic thalami and corpora

striata. The latter are anterior to, and placed a little to the

outer side of, the former. The thalami receive inferiorly and

posteriorly fibres coming from the cerebral peduncles and

from the corpora quadrigemina. It is probable that few

such fibres pass directly through the thalami; but, as

KoUiker supposes, they may be connected with those fibres

which radiate from the thalami into the cerebral hemispheres

by the branched nerve cells found in the thalami. The

thalami are connected by a commissure of grey matter,

of which they are largely composed. The corpora striata,

which are large oval bodies, are connected posteriorly with

the optic thalami, and with the cerebellum, through some of

the fibres forming the superior peduncles of that organ;

inferiorly with fibres forming the anterior part of the

peduncles of the cerebrum ; and superiorly and laterally

with the gTey matter of the cerebrum itself. In their

substance, in addition to what is generally difiused, at least

three distinct nuclei of grey matter have been described.

It has been supposed, with some reason, that the thalami

represent the posterior, and the corpora striata the anterior,

portion of the cord.

2 K
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i. The Cerebrum.

The hemispheres form an ovoid mass, covering, in man,

all the structures already alluded to. The surface is com-'

posed of grey matter moulded into convolutions. Each

hemisphere has five lobes, the frontal, parietal, occipital,

temporo-sphenoidal, and central. It is important to observe

(1) the general arrangement of the fibres ; and (2) the general

structure of the grey matter.

1. General Arrangement of the Fibres.—These are divided

into three sets—peduncular, transverse, and longitudinal.

a. Peduncular.—These, forming the peduncle or crus, con-

sist of fibres derived from the anterior pyramid of the

medulla, which probably have ascended from the anterior

and lateral columns of the cord ; of fibres originating in grey

matter of the medulla and of the pons; probably also of fibres

connected with those in the pons forming the middle pedun-

cle of the cerebellum; of fibres derived from the corpora

quadrigemina, probably continuous with those in the superior

peduncle of the cerebellum; and of fibres originating in the

grey matter of the corpora quadrigemina. Thus, the hemi-

spheres are intimately connected with the cord, medulla,

cerebellum, pons, and corpora quadrigemina.

b. Transverse.—These are fibres uniting the two hemi-

spheres, consisting chiefly of a great band called the corpus

callosum. The corpora striata and optic thalami are also

united by transverse fibres.

c. Longitudinal.—These, consisting of the fornix, taenia

semicircularis, striae longitudinales of the corpus callosum,

gyrus fornicatus, fasciculus uncinatus, and collateral fibres of

the convolutions, are for the purpose of uniting physiologi-

cally portions of the same hemisphere.

2. General Structure of the Grey Matter.—The fibres which
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form the peduncles, reinforced by many whicli originate in

the grey matter of the corpora striata and thalami, radiate

outwards towards the surface of the hemispheres, forming

the corona radiata of Reil. On the surface of the convolu-

tions, and connected with the fibres just mentioned, there is

a layer of grey matter, consisting of several strata. A thin

vertical section of this grey matter, stained with carmine,

shows six or seven alternate strata, of grey and white matter,

not distinctly differentiated from each other, as in the

cerebellum, but blending by imperceptible gradations. The

white layers consist of minute nerve fibres mixed with a few^

granules, and imbedded in neuroglia. The grey layers are

formed of neuroglia, fibres, and characteristic nerve cells. Of

the latter, there are at least three distinct varieties : {a) small

granular cells, very similar in appearance to those forming

the granular layer of the cerebellum
j (6) pyramidal or tripolar

cells, considerably larger than those of (a), but very various

in size, having the apices of the pyramids directed towards

the surface of the brain and minute nerve fibres originating

from each angle, and often one springing from the centre of

the base ; and (c) a few large 7nultipolar cells, similar in

appearance but smaller than those found in the cord. The

uppermost layers of grey matter contain only those of a;

the middle layers contain those of a and b ; whilst those of c

are only found sparingly along with a and b in the deepest

layers. All of these cells are nucleated.

Full details as to these structures are given in Quain, vol. II.
, p.

558. Consult also Lockhaut Clarke's papers in the Proceedings of

the Royal Society, 1863, and Meykert's most obscure but suggestive

article on the Brain of Mammals, in Stricker's Human and Com-
parative Histology, vol. II.

, p. 367.
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b.—facts regarding the physiology of parts of cerebro-

spinal axis derived chiefly from experiment and
observations of disease.

1. Functions of the Spinal Cord.

The spinal cord acts in two ways : (1) as a transmitter of

motor and sensory, or centrifugal and centripetal, impressions

between the encephalon and the periphery ; and (2) a reflex

centre.

a. Transmission of Motor or Centrifugal Impressions.

Recollect that the anterior roots of the spinal nerves pass

into the antero-lateral columns, and that these roots have been

proved to be motor. If the anterior columns be cut by an

incision extending into the grey matter, leaving the posterior

columns intact, voluntary movements disappear in the parts

below the section. Again, section of the posterior columns

and grey matter, leaving the anterior uninjured, enfeebles

but does not destroy the ^^o^^'er of vohmtary motion below

the section. Finally, section of an antero-lateral column on

one side paralyses voluntaiy motion on the same side.

From these facts, we infer (1) that the motor tracts passing

from the brain to the periphery are in the antero-lateral

columns ; and (2) that in the cord, the fibres forming these

tracts are distributed to the same side of the body. Yulpian

has shown that excitation of one anterior column causes

movements in the muscles on the opposite side. If this be

so, there must be a partial decussation of motor fibres in the

cord, but it is a doubtful experiment.

b. Transmission of Sensory or Centripetal Impressions.

The posterior roots of the spinal nerves pass into the

posterior columns and into the grey matter in the posterior
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corniia. These roots have been proved to be sensory. A
complete transverse section of the posterior columns does not

abolish sensibility in the parts below ; but there is a loss of

the power of co-ordinated movements. Section of the pos-

terior columns and of the antero-lateral columns, leaving

only the grey matter in the centre of the cord intact, does

not abolish sensibility. Again, section of the antero-lateral

columns, and of the whole of the grey matter, leaving only

the posterior columns uninjured, is followed by complete loss

of sensibility in the parts beneath. The inference therefore

is that sensory impressions must be conducted in the grey

matter. It is manifestly impossible to cut the grey matter,

without also injuring the columns; but by a process of

exclusion, such as has been followed above, the proof is

complete. Brown-Sequard has also found that sensory tracts

decussate to a considerable extent in the posterior part of the

cord. Thus he found that a hemisection of the cord, invol-

ving the grey matter, enfeebled sensibility on the opposite side

more and more as the section became deep ; that a vertical

section in the posterior median fissure caused loss of sensi-

bility on both sides ; and that a lateral section, whilst it

caused loss of sensibility (anaesthesia) on the opposite side,

was followed by increase of sensibility (hyperaesthesia) on

the same side, a curious fact explained by Brown-Sequard

by considering it as due to irritation caused by vaso-paralytic

distension of the vessels of the cord on the side of the section.

According to him, also, tactile impressions pass in the anterior

part of the grey matter, impressions of pain in the posterior

and lateral portions, those of temperature in the central

part, and those of muscular sensibility in the anterior cornua.

Schiff is of opinion that tactile impressions pass in the

posterior cords.
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c. The Sphial Cord as a Reflex Centre generally.

The general character of reflex motions has been ah^eady

described at \). 177. The grey matter of the lower cervical,

dorsal, and lumbar regions of the cord may be regarded as

composed of groups of reflex centres associated with the

general movements of the body ; whilst in the upper cervical

region and in other portions of the cord there appear to be

differentiated centres corresponding to special actions. The

initial excitation may commence in any sensory nerves

passing to the cord or in sympathetic filaments. When the

impression reaches the cord, a minute interval of time elapses

before a muscular response is given. This response may
consist either in the mo\'ements of muscles specially co-

ordinated to a particular centre, or in more general move-

ments of groups of muscles. So exact may the co-ordination

be as to produce movements simulating those of a conscious

or voluntary character. Thus, in a decapitated frog, irrita-

tion near the anus will invariably cause movements of the

limbs towards the irritated point. The reflex excitability

of the cord is increased by removal of the influence of

encephalic centres, as by decapitation, or, in normal circum-

stances, during sleep, or while the mind is in abstraction or

reverie. It may also be influenced by various drugs.

Strychnia and the alkaloids of opium increase, while aconite,

hydrocyanic acid, ether, chloral, and chloroform have an

opposite effect. The precise mechanism in the cord by

which a reflex act occurs is unknown.

d. Special Reflex Centres in the Cord.

1. A Cilio-spinal Centre, associated with the movements of

the iris, exists between the sixth cervical and third dorsal

nerves. From this region, those fibres in the sympathetic
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whicli control the radiating fibres of the iris originate. If

this region be irritated, the pupils dilate, an effect not

produced, however, if the sympathetic nerves have been

previously cut.

2. Accelerating Centres, connected with cardiac move-

ments j see p. 333.

3. Respiratory Centres.—Section of the cord above the

eighth dorsal paralyses the abdominal muscles ; above the

first dorsal, the intercostals ; above the fifth cervical, the

serratus magnus and the pectorals ; and above the fourth

cervical, by paralysing the phrenics, arrests the action of the

diaphragm. These are the general facts, but doubt still

exists as to the exact position of these respiratory centres.

4. Genito-spinal Centre.—The centre associated with

movements of the genital organs, according to the. experi-

ments of Budge arid Goltz, exists in the lumbar region. The

latter observer made the remarkable observation that the

activity of this centre may be afiected by sensory impressions

transmitted by other channels than the ordinary sensory

nerves of the parts.

5. AnO'Spinal and Vesiculo-sinnal Centres.—These, for the

sphincter ani and for the bladder, appear to be in the lower

portion of the dorsal, or upper part of the lumbar region.

e. Supposed Psychical Actions of the Cord.

Pfliiger and others, from experiments on frogs, have sup-

posed that the cord may also be the seat of a low form of

consciousness. For example, if a drop of acid be placed on

the hind limb of a decapitated frog, the limb of the same

side will be flexed and rub against the irritated part ; if

now the foot be cut off", the limb of the opposite side will be

applied, thus apparently indicating not only co-ordination,

but the selection of special means in special circumstances.
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It may be pointed out, however, tliat mere movement is no

indication of consciousness. It may be associated witb con-

sciousness or it may not. Many living objects, such as

plants, infusoria, (fee, move, to which we cannot, by any

stretch of the imagination, attribute consciousness, at least

in the sense in which it is used as expressing a mental state.

In watching movements of animals deprived of the brain,

or of human beings unconscious during disease, an observer

is very apt to accept his own interpretations of the pheno-

mena for the phenomena themselves. Thus the movements

of a decapitated animal, or the tossing of the hands, wiping

of the lips, and the groans and sighs of. a person in a

comatose state, are regarded as expressions of suiFering or

distress. Again, when we consider how absolutely dependent

consciousness is on a due supply of blood, at all events in

the higher animals, can we imagine the molecular actions

resulting in this condition to take place in the bloodless cord

of a frog ? It is, no doubt, true that even the grey matter

of a cold-blooded animal, like the white matter, may retain

its activity for a time after removal of blood. Without,

however, speculating on what may occur in a frog, of whose

conscious states we have no knowledge, we have evidence of

a different kind from observations on man. In cases of

complete paralysis of the lower limbs, either from softening

or from the result of accident, the patient may be quite con-

scious, but he has lost the power of voluntary movement of

Ids legs, and he feels no pain. If the foot be tickled, the legs

may move, but there is no indication of consciousness, and

the patient expresses surprise at feeling no pain, and at not

being conscious of voluntary effort. It may be said that he

could not possibly do so, as all communication between the

brain and the cord had been cut off, and we are still asked to

believe that the movement may have been associated with

consciousness in the cord. It is surely much more rational
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to hold that the movement was purely automatic and unasso-

ciated with any conscious state. The author holds that a

conscious state is a special form of nervous activity occurring

in the higher centres alone. The automatism of the cord is

another kind of activity.

2. Functions of the Medulla Oblongata.

Like the spinal cord, the medulla may be regarded as con-

taining tracts for sensory and motor transmission, and as

constituting a series of reflex centres for special movements.

a. Transmission of Motor or Centrifugal Im2:>ressions.

Motor transmission occurs chiefly in the anterior pyramids,

and it is important to note that it crosses or decussates.

All the motor fibres passing from one side of the brain

which are distributed to the muscles on the opposite side

of the body, cross or decussate in the anterior pyramids,

whilst those supplying the face cross in the pons. In man,

the decussation is complete, but in some of the lower

animals examined, it is partial. Thus is it possible to

explain how it is that disease, causing rupture of motor

fibres, passing say from the right cerebral hemisphere, is

followed by paralysis of motion on the left side of the body.

b. Traiismission of Sensory or Centrijyetal Imjyressions.

Nothing very precise is known on this point. Section of

one half of the medulla does not cause complete loss of

sensibility. As has been seen, the majority of the sensory

fibres decussate in the cord, so that both motor and sensory

fibres in connection say with the right cerebral hemisphere

are connected with the left side of the body, but the first

cross in the anterior pyramids of the medulla, and the
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second cross in the cord. It is probable that the sensory

fibres pass up through the grey matter of the medulla.

c. The Medulla as a Reflex Centre.

When we consider the comparatively small size of the

medulla, nothiug is more surprising than the number of

centres said by physiologists to exist in it, and one cannot

help suspecting that we at present know a few empirical

facts, and that the hypothesis by which to explain the

seeming complexity of function with simplicity of structure

is still wanting. The following centres have been located

in this portion of the nervous system :

—

1. Respiratory Centres, two in number, expiratory and

inspiratory, connected with the roots of the pneumogastric

nerves. Destruction at once causes cessation of respiratory

movements and death (see p. 403).

2. Yaso-motor Centre, governing all the smaller vessels

throughout the body, so as to keep them in a state of tonus

(see sympathetic, p. 367).

3. Cardiac Centres, two in number : accelerating, asso-

ciated with the sympathetic ; and inliibitory, connected with

the pneumogastric (p. 329).

4. Centres for Deglutition, associated with the sensory

and motor filaments involved in this process (see p. 241).

5. Centre for Voice, probably connected with the external

root of the spinal accessory, as explained on p. 492.

6. Centre influencing Glycogenesis.—Bernard discovered

that a puncture in the floor of the fourth ventricle was

followed by the appearance of sugar in the urine. This

centre is probably associated with the roots of the vagi and

of the vaso-motor centre, 2 (p. 429).

7. Centre directly influencing Salivary Secretion, from

which originate those fibres of the facial, forming the chorda
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tympani and lesser superficial petrosal, which are distributed

to the glands (p. 234 and p. 48).

8. Centre for the Motor Fibres supplying the Face and

Jaws.—These exist, in the facial, for the muscles of the face,

and in the motor part of the fifth, for the muscles of

mastication.

Further, it must be kept in mind that the medulla receives

fibres from the higher centres by which all of the centres

just mentioned may be more or less influenced.

3. JUNCTIONS OF THE PoNS VAROLII.

In addition to forming a transverse commissural band of

fibres connecting the two hemispheres of the cerebellum,

the pons contains numerous fibres passing from below up-

wards, and also nuclei of grey matter.

a. T7'aiisniission of Motor or Centrifugal Inij^ressions.

Motor transmission occurs principally in the anterior part

of the pons. Any unilateral lesion causes paralysis of motion

on the opposite side, and paralysis of facial on the same side,

a fact to be accounted for by supposing that the roots of the

facial decussate in the,lower part of the pons, whilst the other

motor tracts decussate in the medulla.

b. Transmission of Sensory or Centripetal Imiwessions.

In diseases of the pons, loss of sensibility is a much more

rare result than loss of motion, and is always on the opposite

side. As we have already seen, sensory impressions cross

chiefly in the cord. According to Brown-Sequard, tactile,

thermal, and painful impressions pass through the central

part of the pons.
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c. The Pons as a Reflex Centre.

Longet lias observed movements of the limbs, and even

co-ordinated movements after removal of all parts in advance

of the pons. Irritation of the pons causes very severe con-

vulsions, and Nothnagel has termed it the region of cramps,

or a convulsive centre. This centre may be excited by

excess of carbonic acid or the absence of oxygen in the

blood, as seen in asphyxia; and it is in close relation with

the other centres, such as those connected with respiration,

the pupil, the heart, &c., situated in the medulla.

4. Functions of the Cerebral Peduncles.

These contain both sensory and motor fibres ; they are

intermediate between the centres already described and the

voluntary centres in the brain ; and they establish a con-

nection between the cerebellum and the cortical part of the

cerebrum. Destruction of one peduncle causes the animal

to move to the side opposite the lesion, describing a circle

somewhat in the manner of a horse in a circus. It is quite

evident that irritation of the cerebral peduncles may cause

pain, or movements of various groups of muscles, according

to the part irritated.

5. Functions of the Corpora Quadrigemina.

As indicated by their anatomical connections, these bodies

are in intimate relation with vision. Destruction causes

immediate blindness. If, in a pigeon, the encephalon be

removed with the exception of these bodies, the iris will

still continue to contract on the stimulus of light. On then

destroying one of the bodies, the pupil remains immobile.

From these facts, it is generally held that from the corpora

J
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those fibres originate which govern the circular fibres of the

iris, and that they are the centres of the reflex movements

of this organ. The corpora also receive visual impressions

which may be transmitted upwards to the cerebral hemi-

spheres, causing a luminous sensation ; or they may result

in co-ordinated muscular movements without sensation. It

is only by supposing such a mechanism that we can account

for the co-ordinated movements seen in some cases of som-

nambulism, where the individual is apparently quite un-

conscious of any external impression, but, with open eyes,

guides his movements even in difficult and dangerous situ-

ations.

The corpora are also associated with the movements of

the eyeball in connection with vision. Ferrier found that

electrical irritation causes various movements. He observed

that stimulation of the posterior tubercles was followed by

distinct cries, and that the movements of the body were so

violent as to end in general opisthotonus.

It is difficult to operate on these structures in mammals,

and consequently our information has been derived chiefly

from experiments on birds. Even in these, there is great

risk of injuring the underlying crura cerebri, and thus of

vitiating the results.

6. Functions of the Optic Thalami.

It is evident that, from the deep situation of these parts,

the results obtained by operative interference are not trust-

worthy. The method least liable to objection is that of

introducing, by means of a very fine syringe, a few drops of

a solution of chromic acid, or other chemical substance

which will produce local destruction of brain matter, without

difi'usion. When this was done, neither voluntary move-

ments nor loss of sensibility was observed; and the only
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phenomenon was that the animal placed his extremities in

anomalous positions. This fact accords with the view

advanced by Meynert, that the optic lobes represent the

centres for the combined movements which are the result of

impressions constantly transmitted to them from the peri-

phery of the body. Thus the optic thalami are correlated

with the tactile surface as the corpoi-a quadrigemina are

with the retina. Tactile impressions transmitted to them

excite some kind of unconscious activity resulting in a reflex

movement. Motor impressions passing from the thalami

probably undergo partial decussation. Injury of these

bodies also causes the animal to move round a circle. The

view held by the older physiologists regarding the functions

of these bodies was, that they constituted sensory ganglia,

receiving impressions from below, and transmitting them

upwards to the brain- this statement, however, has not been

proved.

7. Functions of the Corpora Striata.

These bodies have been generally regarded as concerned

in the transmission downwards of motor impressions. When
a clot of blood is formed in, say, the right corpus striatum,

there is motor paralysis of the opposite side of the body, and

according to the size of the clot, the paralysis may affect

more or less completely the different groups of muscles.

Destruction of the two bodies destroys voluntary movement,

but the animal may move forwards as in running. Ferrier

observed that when the corpora striata were stimulated by

an interrupted current, convulsive movements of the opposite

side of the body took place; and when the current was

powerful, the side of the body opposite to the side of the

brain stimulated was forcibly drawn into an arch. Destruc-

tion of the intra-ventricular nucleus of grey matter rendered

I
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movements of progression impossible, and the animal per-

formed movements of rotation. Nothnagel destroyed the

extra-ventricular portions of the corpora striata of a rabbit,

with the result of throwing the animal into a state of

complete unconsciousness. He also states that in the

corpus striatum of the rabbit there is a point, the nodus

cursorius, the excitation of which causes the animal to rush

forwards. This observation agrees with the statement of

Magendi, that when he injured these bodies, the animal

seemed to have an irresistible propulsion forwards.

8. Functions of the Cerebellum.

The cerebellum is insensible to mechanical excitations.

Puncture causes no indication of pain, but there may be

movements of rotation, or twisting of the head to the side.

Galvanic irritation, according to Ferrier, caused movements

of the eyeballs, and other movements indicative of vertigo.

Section of the middle peduncle on one side causes the

animal to roll rapidly round its own longitudinal axis, the

rotation being usually towards the side operated on. The

results of cutting the cerebellum itself are very character-

istic. If the cerebellum be removed gradually from a

pigeon in successive slices, there is a progressive effect

upon locomotive actions. On taking away only the upper

layer, there is some weakness and a hesitation in its gait.

When the sections have reached the middle of the organ,

the animal staggers much, and assists itself by its wings in

walking. The sections being continued further, it is no

longer able to preserve its equilibrium without the assistance

of its wings and tail ; its attempts to fly or walk resemble

the fruitless efforts of a nestling, and the slightest touch

knocks it over. At last, when the whole cerebellum is

removed, it cannot support itself even with the aid of its
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wings and tail ; it makes violent efforts to rise, but only-

rolls up and down; then, fatigued with struggling, it re-

mains for a few seconds at rest on its back or abdomen, and

then again commences its vain struggles to rise and walk.

Yet all the while its sight and hearing are perfect. The

slightest noise, threat, or stimulus at once renews its con-

tortions, which have not the slightest appearance of convul-

sions. These effects, first described by Flourens, have been

confirmed by all experimenters, and occur in all animals.

The results contrast very strongly with those of the much

more severe operation of removing the cerebral lobes.

" Take two pigeons," says Longet ;
'' from one remove com-

pletely the cerebral lobes, and from the other only half the

cerebellum ; the next day the first will be firm on its feet,

the second will exhibit the unsteady and uncertain gait of

drunkenness." There is thus a loss of the power of co-

ordination of movement without the loss of sensibility.

Lussana has attempted to prove that the effects are owing to

paralysis of the muscular sense. He supposes that the

animal is unable to perform definite movements because it

has no feeling of muscular resistance or of the state of its

limbs to guide it. The cerebellum, therefore, is not related

exclusively to sensibility or movement, but it establishes

between the two such relations as render movements

precise. Clinical evidence shows generally that disease of

the cerebellum, which is very rare, causes unsteadiness of

gait, a tendency to push backwards, and blindness; but

there are some remarkable cases on record in which exten-

sive disease has existed without any appreciable sensory or

motor disturbance.

Gall and Spurzheim, the founders of the phrenological

school, advanced the theory that the cerebellum was con-

nected with sexual functions ; but there is no evidence

to support it.
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In conclusion, tlierefore, it may be stated tLat the func-

tion of the cerebellum is to co-ordinate the muscular move-

ments of the eyeballs with reference to binocular vision, and

of the muscles generally in locomotion ; but the mechanism

by which this is accomplished is unknown.

9. Functions of the Cerebrum.

Flourens and the older observers were aware of the fact

that as successive slices of grey matter are removed from

the surface of the cerebrum, an animal becomes more and

more dull tind stupid, until at last all indications of percep-

tion and volition disappear. A pigeon in this condition, if

carefully fed, may live for many months. The following

description, given by Dalton, is so accurate as to merit

quotation :
" The efiect of this mutilation is simply to

plunge the animal into a state of profound stupor, in which

it is almost entirely inattentive to surrounding objects.

The bird remains sitting motionless upon his percli or

standing upon the ground, with the eyes closed, and the

head sunk between the shoulders. The plumage is smooth

and glossy, but is uniformly expanded by a kind of erection

of the feathers, so that the body appears somewhat puffed

out, and larger than natural. Occasionally the bird oj^ens it&

eyes with a vacant stare, stretches its neck, perhaps shakes

its bill once or twice, or smoothes down the feathers upon

its shoulders, and then relapses into its former apathetic

condition." Similar observations have also been made on

reptiles and mammals, but the latter survive the operation

for a comparatively short time. In watching such an

animal, it is difficult to divest one's mind of the idea that

it still feels and sees and hears. It may be observed, how-

ever, that it makes no movement unless stimulated from

without. Thus, it may remain motionless for many hours
;
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but, if pushed, or even gently touched, it will then move.

It manifests no fear even when placed in circumstances

likely to excite it, and it will walk over the edge of a table,

or into the fire, quite regardless of consequences. There is

thus no proof that it experiences any sensation in the

sense of consciousness of impressions ; or, in other words,

there is no perception. As well remarked by Michael

Foster :
" No image, whether pleasant or terrible, whether of

food or of an enemy, produces any efiect on it, other than

tliat of an object reflecting more or less light. And, though

the plaintive character of the cry which it gives forth when

pinched suggests to the observer the existence of passion, it

is probable that this is a wrong interpretation of a vocal

action ; the cry appears plaintive, simj)ly because, in con-

sequence of the completeness of the reflex nervous machinery

and the absence of the usual restraints, it is prolonged.

The animal is able to execute all its ordinary bodily move-

ments, but in its performances nothing is ever seen to indicate

the retention of an educated intelligence."

The method of removing a portion of the brain is open to

many objections, the chief of which is, that the severity of

the operation and the loss of blood may cause such a state of

.shock as to vitiate any inferences that might be drawn from

the facts recorded. A new method, however, has been

devised, namely, that of stimulating the nervous centres by

<:4ectricity, and observing the results. Until recently, it has

been accepted by all physiological authorities, that the

cerebral hemispheres are destitute of irritability. It was

apparently shown by Longet, Majendie, Matteucci, Weber,

Budge, Schifl", and others, that irritation of the surface of

the hemispheres called forth no muscular movements. It

was consequently concluded that the cerebral convolutions

o^er their entire extent were associated with the phenomena

of the mind. The method of irritatino^ the surface of the

il
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iDrain, with a weak galvanic current, was first pursued in

•Germany by Fritscli and Hitzig conjointly, who obtained

by means of it certain definite results ; and in England, by

Ferrier, who employed a feeble interrupted current from an

induction machine, and whose researches have been of a

very extensive character, and, from their relation to path-

ology, of the highest interest.

• These observers found that the local application of the

current to particular areas on the surface of the convolutions

^ave rise to definite co-ordinate movements of various groups

oi muscles. Stimulation of one spot was followed by move-

ments in the muscles of the neck, of another by extension of

the fore leg, of a third by movements of the hind leg. and of

;a fourth by movements of the eyeballs and of the muscles of

the face. Ferrier, in particular, has mapped out definite

jireas, the stimulation of each of which causes precise move-

ment; and he has also found convulsions to result from

simultaneous stimulation of several. These areas have been

termed motor centres, and it has been supposed by some that

influences pass from them to special groups of muscles in

the phenomena of voluntary motions. Other observers have

ascertained that removal of one of these areas of grey matter

is followed by paralysis or weakening of the muscles which

•contract on the stimulation of the area. After a time however,

if the animal survive, it has been observed that the paralysis

gradually disappears, apparently from some other part of the

brain taking up the function of that which had been removed.

Goltz has succeeded in removing considerable portions of

•cerebral substance, without haemorrhage, by means of a strong

jet of water, and he found that the operation was followed

aX first by diminished sensation and voluntary power on the

opposite side of the body, and imperfect sight, or even

blindness. He states that these phenomena occur whatever

part of the brain be removed, and he argues that all the
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temporary phenomena are '' due to tlie superficial lesions-

exercising inhibitory influences on the parts of the brain

lying bet^Yeen the cerebral convolutions and the spinal cord.""

He also attributes the recovery which is so frequently seen,

es|)ecial]y in those cases where the amount of brain matter

removed was not very great, to a kind of educational process.

It is evident, therefore, that whilst the accuracy of the facts,.

as stated by Ferrier, is undoubted, physiologists do not yet

agree as to their interpretation.

The general results of pathological and clinical observation

have thrown considerable light on the functions of the

cerebral hemispheres. The following are the chief facts

—

{1) inflammation of tlie membranes (termed meningitis),

covering the surface of the brain, especially if it involve the

superficial layer of grey matter, causes delirium, and after-

wards coma
; (2) inflammation at the base of the brain, or

involving the white matter, causes paralysis or convulsions
;

(3) in some circumstances, considerable portions of the grey

matter may be cut away by accident, or destroyed by an

abscess, or by a tumour, without any marked physiological

effects—the individual retaining his mental faculties intact^

an occurrence which strongly resembles what Goltz observed

in dogs
; (4) in some cases, sudden depression of a portion of

the cranium into a convolution, or a sudden blow on the

head, has either arrested the mental faculties as a whole,

or has affected the action of one only, as, for example, the

memory; (5) pathological states of the grey matter, such as

congestions, softenings, degenerations, or the formation of

JiQv^ products, are always associated with the various forms-

of insanity, but the exact j)athological changes peculiar to

each form—for instance, melancholia, as contrasted with

mania or dementia—are still imperfectly known.

The doctrine that the cerebral hemispheres may be re-

garded as composed of an aggregate of organs, each devoted

M
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to a particular faculty, has been upheld by phrenologists

since the days of Gall and Spurzheim. This doctrine must

be kept apart from its empirical application in what may be

termed cranioscopy, or the determination of mental peculiar-

ities from the existence of elevations and depressions on the

.•surface of the skidl. Cranioscopy, in the hands often of

ignorant men, has brought undeserved discredit on the

".cerebral theoiy of the founders of phrenology. The present

state of opinion is certainly in favour of some such theory,

but the mapping out of areas on the convolutions can still

scarcely be attempted. Ferrier has argued with great

ingenuity that the grey matter on the cerebral surface

may be divided into three zones: (1) a posterior, corre-

sponding to the posterior cerebral lobes, for the reception of

sensory impressions
; (2) a middle, in which the so-termed

miotov centres exist, and from which motor impressions issue;

•and (3) an anterior, corresponding to the frontal regions,

-containing inhibitory-rnotor centres, which govern or restrain

subsidiary centres.

One of the most striking indications of specialization of

function in the cerebral matter is given by the condition

met with in many cases of paralysis, called aphasia. In this

state, the patient may be unable to express his thoughts in

words, and in some cases he uses the wrong words to express

a particular thought. Mere loss of speech may be due to

paralysis of the nerves governing the articulating organs,

4ind in this case, the patient may have an idea which he

wishes to express in suitable w^ords, but cannot do so,

from the failure of his organs of speech. In the other

instance, however, the articulating mechanism may be

intact, but there appears to be a want of co-ordination

between the nervous arrangements of the mechanism and

those of the idea." Thus when the patient desires a knife,

he may be conscious of the appropriate word which is the
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symbol of a knife, but lie utters tlie word fork or spoon,,

often to his great surprise or annoyance. It has been

ascertained that in the great majority of these cases, the

disease affects the posterior portion of the third frontal con-

Tolution on the left side, and is associated with right hemi-

plegia; but cases have been recorded where the right side

of the brain was affected. To account for the predominance

of the organ on the left side, it has been suggested that as

speech is acquired by practice, in most persons only one side

of the brain has been educated for this purpose, namely, the

left, which governs the movements of the right, and, in most

persons the stronger, side of the body.

10. The Circulation in the Brain.

It is important to remember that a due supply of healthy

arterial blood and the removal of venous blood are essential tO'

cerebral activity. The physical conditions of the circulation

are also deserving of notice. The brain is contained in an

osseous case of which the total capacity is invariable. The

cerebral substance undergoes almost insignificant changes of

volume even under a pressure of 180 mm. of mercury. The

quantity of blood, however, in the cranium may vary. If a

small round window be made in the cranium, and a suitable

piece of glass be fitted into it, the veins of the pia mater may

be observed to dilate or contract if intermittent pressure be

made on the veins of the neck. There is evidently then

within the cranium some arrangement by which such varia-

tions become possible. This is probably accomplished by

the anatomical arrangements of the subarachnoid spaces.

Tliese spaces, containing fluid, communicate freely with each

other, and with the space surrounding the spinal cord, sO'

that when the quantity of blood increases in the cranium,

a corresponding quantity of fluid escapes into the spinal
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space, the walls of wliicli are not inextensible like those of

the cranium. In young children, before the fontanelles are

closed, the variations of circulation and cerebral pressure

cause pulsations of which there are two kinds : those coin-

ciding with the ventricular systole, produced by the pulsation

of the arteries at the base of the brain; and those coinciding

with expiration. These movements have been registered

graphically. No satisfactory account has yet been given

of the arrangements by which waste products are removed

from the brain.

Consult Ferrieb On the Functions of the Brain, 187G ; and

Michael Foster's Textbook of Physiology, p. 430. Dr. Ferrier's

book gives a full and most interesting account (1) of the present

state of opinion regarding the physiology of the centres
; (2) of his

own original researches ; and (3) of the conclusions he has been

able to arrive at after a survey of the whole field of inquiry. The
student of nervous physiology should also read Sect. V. of Muller's

Physiology, translated by Baly, "Of the central organs of the ner-

vous system," vol. I., p. 788. A discussion of various views as to

the cranial circulation will be found in Bennett's Physiology,
i>.

220, and p. 289. In the Glasgow Medical Journal for 1877, a paj)er

will be found by W. J. Fleming, showing tracings of the movements
of the brain ; also a similar paper, in Marey's Physiologic Experi-

mentale, 1876.

III.—TERMINAL ORaANS AND THE SENSES.

A.-GENEBAL CONDITIONS OF SENSORY IMPRESSIONS.

By a sensory impression is understood the effect produced

by the action of excitants on the organs of sense, when the

effect is consciously perceived. The perception of the im-

pression, and its reproduction as a mental image, are psychical

acts, belonging to the province of psychology.
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1. Mechanism op Sensory Impressions.

This has been already briefly alluded to on p. 149. The

essential conditions are (1) a terminal ap2xiratus, for the

reception of the excitant; (2) a nerve, for conducting im-

pressions to the brain; and (3) a hrain, or cerebral ganglion,

for the reception of these impressions. It is important to

regard the nerve as simply a conductor. It is the bond of

union between the terminal organ and the ganglion. Such

nerves are known as nerves of special sensation, because the

impressions conducted by them are always interpreted by

the mind in a particular way. Thus, the auditory nerve

may be stimulated by various excitants, such as pressure, or

cutting, or by its normal stimulus from the terminal organ

in the ear; but when the impression reaches the brain, it

always gives rise to a sensation of sound. This fact, how-

ever, does not imply that the fibres of the auditory nerve are

necessarily different from those of any other nerve; but only

that the central mechanism so acts as to produce this par-

ticular kind of sensation. It is remarkable that such nerves

-are not capable of being excited directly by the stimulus

which acts upon their terminal organ. For example, the

fibres of the optic nerve are insensible to the action of light,

and those of the auditory nerve to sound. It would appear

that the normal stimulus which, acting on the retina, or on

the organ of Corti, gives rise to sensations of light or of

sound, is too weak to affect directly the filaments of the

nerve. A terminal organ, therefore, is required to receive

the outer stimulus, and to excite the conducting filaments of

the nerve. Each organ of sense has a special terminal

apparatus peculiar to itself, and adapted for the reception of

a special kind of stimulus. The retina is adapted for the

action of light, the vibratory apparatus in the ear for the

motions of sound, and the modified epithelial structures on

I
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the tongue and in tlie nose for the speciiic action of soluble

substances and odoriferous particles.

It would appear that a sensory transmission does not pass

directly to the cerebral hemispheres, which we regard as the

«eat of conscious perceptions; but that there is a recipient

centre, which in the first instance receives these impressions,

iind which may or may not transmit them to the perceptive

centre. This arrangement is most evident in connection with

the mechanism of vision, where we find the corpora quadii-

gemina interposed, as it were, between the cerebral hemi-

fipheres and the optic tracts, which are continuations of the

optic nerves. These may be regarded as centres for the

reception of impressions transmitted by the optic fibres from

the retina. As the physical stimulus acting on the retina is

a mode of motion in the form of waves of light, it is evident

that its action will be intermittent, and that these inter-

mittent impulses, following each other with great rapidity,

will be transmitted along the optic fibres. It is not im-

probable that such impulses may be fused together in the

receptive centre, and transmitted as a whole to the cerebrum.

It was long ago suggested by Von Grcefe, the eminent oculist,

that the corpora quadrigemina acted in some such way, and

he further supposed that luminous efi'ects might be stored up

in these organs, ready to be transmitted to the brain. This

view might account for the vividness of some kinds of ocular

illusions experienced whilst under the influence of such a drug

as Indian hemp, or by the insane. To a conscious mind thus

receiving old impressions which had long remained latent,

the sensations or conscious perceptions would have all the

vividness of reality, and would be just as truly referred to

the outer world as if they had been immediately caused by

the direct action of light on the retina, or of waves of sound

on the ear, because they reached tlie perce2)tive centre along

the same channels.
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Siicli subsidiary cerebral centres also no doubt fulfil the

purpose of linking the organs of sense, and the impressions

they produce, with motor phenomena. Facts bearing upon

this question have already been alluded to in treating of the

corpora quadrigemina.

Fig. 132.—Chronograph for the measurement of time m physiological
experiments, a, tuning fork ; & h, electro-magnets working it ; d,
electro-magnetic signals; c, band of smoked paper rolled off by
weight g, working the wheel e. 1, wires for right signal, d ; 2, wires
working recording fork ; and 3, wires for left signal.

2. Time in Sensory Impressions.

It has been ascertained by accurate experiment that

sensory impressions, and nervous phenomena of a kindred

.: M
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nature, occurring in terminal organs and in nerve centres,

involve expenditure of time. Various methods have been

adopted to determine the time with accuracy. The most

convenient apparatus for the purpose is a chronograph

made by Konig, which is shown in Fig. 132. It consists of

a large tuning fork (see Fig. 133, aa), vibrating 200 periods

per second. This is placed in an upright position, and is

Fig. 133.—Diagram showing the recording portion of chronograph.
AA, limbs of recording fork, worked by electro-magnets, GG. C,
stylet on limb of recording tuning-fork. BB, levers in connection
with armatures of electro-magnets, FF, and bearing markers DD,
which, along with C, record on E, a strip of blackened paper passing
over pulley.

kept in constant vibration by an electro-magnet placed on

the outer side of each limb (gg). In front of a marker (c),

placed on one of the limbs of the recording tuning-fork, a

thin strip of blackened paper (e) is drawn vertically over a
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pulley. On each side of this vertical tuning-fork, and on a

level with its marker, is another electrical apparatus, con-

sisting of an electro-magnet (ff), the armature of which is

prolonged, and carries a marker (dd), which is on an exact

level with that of the tuning-fork. When a current passes

through the coil the armature descends, and the moment is

indicated by a mark on the blackened paper. One marker,

say the one to the left, is employed to signal the instant of

the application to a sense organ of a physical stimulus, say

light on the eye, or an electric shock to the skin, while the

other, say the one to the right, is set in action by the indi-

vidual receiving the stimulus immediately opening or closing

the key interposed in the circuit. To make the matter

intelligible, a diagram of the recording part of the apparatus

is shown in Fig. 133.

Suppose it were wished to measure the time between the

moment of stimulating the skin of the hand by an induction

ourrent and the moment of signalling back that the impres-

sion had been received, the apparatus is arranged as seen

in the next figure. The chronograph a is placed somewhat

obliquely, and not vertically, as shown in the figure. The

recording fork is worked by a current transmitted by the

wires ^. In the circuit of the Daniel's cell, &, the primary

coil of the induction machine, d, and the left electro-magnetic

signal of the chronograph are placed—a key, c, being also inter-

posed in the circuit. When the key c is closed, the current

is passed through the]electro-magnetic signal so as to work the

marker, and the instant is recorded on the band of smoked

paper. By the closing of the same current, a shock is sent

from the secondary coil e to the left hand of the observer, h.

The instant he feels the shock, he closes the key g, inter-

posed in the circuit of the Daniel's cell f^ the current of

which passes through the right signal of the chronograph,

^nd the instant of the closure of this current is also recorded
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on the smoked jDaper. Wlien tlie apparatus is all arranged^

the band of smoked paper is rolled rapidly in front of the

piU} LUt-^

Fig. 134.—Arrangement for measuringr the time required for receiv-
ing a sensory impression, and indicating- by muscular action that it

has been received, a, Regnault's chronograpli ; b, Daniel's cell, in
primar3' coil of induction machine d, the current being interrupted by
the key c ; t, secondary coil of induction machine, by which a shock
is sent to the hand h when the key c is opened. On receiving the
shock, the person operated on closes the key g in the circuit of the
cell /, and the instant is signalled by the chronograph. For further
description see text.

markers by the weight k being allowed to fall to the ground;

the key c is closed, the observer feels the shock, closes the

iki
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"key g, and tlie time of the phenomena is recorded on the

paper, as shown in tracing, Fig. 135.

It is evident that an interval of time must elapse between

i;he moment the shock is given and the moment the observer

signals that he felt it. Suppose in the tracing shown in

Fig. 135, that time is recorded by the fork's vibrations in the

line C; that the instant the shock was

given is indicated by the line A being

drawn inwards by the electro-magnetic

signal at a, and that the instant the

impression is received is indicated by

the inflection of the line B at h: the

interval of time between the moment of

stimulus and the moment of signalling

that it was felt is shown by the length

of the line a 6, found by drawing the

dotted horizontal lines. By counting

the number of the fork's vibrations in

that distance, the time may be ascer-

tained; thus, as in the diagram, -^^-^ of

a second = J^. (In like manner, the

time required to perceive lights of vari-

ous colours may be measured by send-

ing an instantaneous induction shock

through a Geissler's vacuum tube.)

Durinsr the time so resjistered, various

phenomena occur. The shock irritates

sensory structures in the skin of the

hand; the influence so excited travels

along the sensory nerves with a certain

velocity;.sensation and perception occur in the brain; there

is then a volitional impulse ; an impression travels along

the motor nerves to the muscles of the arm ; and, finally,

time is occupied by the contractions of these muscles.

Fig. 135.—Tracing ob-
tained with the chrono-
graph.

J
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The following are the general results thus obtained by-

physiologists :

—

Time between
application of

stimulus and
Nature of Stimulus. signal of percep-

tion in fractions
of a second.

Name of Observer.

Shock on left hand, •12 Exner
Shock on forehead, •13 Do.
Shock on toe of left foot, •17 Do.
Sudden noise, .... •13 Do.
Visual impression of electric spark, •15 Do.
Hearing a sound, .... •16 Donders
Current to tongue causing taste, . •16 Von Wittich

Saline tastes, •15 ^ Vintschgau and
/ Honiffschnied

Taste of Sugar, .... •16 Do.

,, Acids, . . . . •16 Do.

,, Quinine, . . . ,
•23 Do.

It has also been ascertained by such methods that the

time is much prolonged when a decision has to be arrived at

as to the part stimulated, or as to the mode in which the

response is to be given, thus showing that the element of

time enters into purely mental operations.

3. Belation between the Stimulus and the Impression.

The stimuli which act on our sense organs are move-

ments of various kinds. Thus, light is caused by vibrations

of ether, sound by movements of the air, and touch is due

to oscillations either of the body touched or of the skin

touching it. In all periodic movements of the character

of wave motion, three points are to be noted: (1) the

hngth of the wave, determining the number of waves in a

unit of time; (2) the am2)litude of the wave affecting the

intensity of the impression ; and (3) the form of the wave
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wbicli must have an influence on the kind of effect produced.

This will be illustrated in treating of hearing.

4. Kelation between the Stimulus and the Sensation.

1. Intensity of Sensation.—Suppose some mode of energy^

such as sound or light, to act on a terminal organ, the-

stimulus might be so weak as to produce no sensation ; by

increasing the strength of the stimulus to a certain point,

a very feeble sensation would be experienced—that is to

say, a lower limit of excitation has been reached. On further

increasing the intensity of the stimulus, it will be found

that the intensity of the sensation is also increased, according

to a law which has been thus formulated in general terms

by Fechner: "When the intensity of the sensation increases,

according to absolutely equal quantities, the energy of the

excitation also increases according to relatively equal quan-

tities." For the sake of clearness, this law may be expressed

in another way. The intensity of a sensation depends on

two conditions: (1) the intensity of the excitation, and (2)

the degree of excitability of the sensitive organ at the

moment of excitation. It has been found that the intensity

of the sensation does not increase proportionately to the

intensity of the excitation. Thus, we have a luminous sen-

sation of a certain intensity if a lighted candle be brought

into a dark room, but the introduction of a second candle

does not double the intensity of the sensation, but increases

it only to a slight extent, whilst a third candle produces no

appreciable effect. By varying the absolute amount of the

stimulus, and noting the corresponding strength of the

sensation, it has been found that when the stimulus is

doubled, tripled, quadrupled, &c., the sensation does not

increase correspondingly, but it increases as the logarithm of

the stimulus. Thus, suppose the excitation to be 10, 100,
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1000 times increased, the sensation becomes only 1, 2, or

3 times more strong.

In sensory impressions we have: (1) a minimum of excita-

tion, that is, the smallest excitation capable of producing a

sensation
; (2) a maximum of excitation, beyond which no

increase in the amount of the stimulus augments the inten-

sity of the sensation
; (3) a constant proportion or ratio

between the intensity of the excitant and the intensity

of the sensation, governs sensory impressions between the

lower and the upper limits (Law of Fechner). The

constant ratios for each sensation also express the least

perceptible difference between two sensations. Suppose,

with the eyes blindfolded, a weight of 10 grammes to be

placed in the palm of the right hand j there is a sensation of

weight of a certain intensity; to alter this sensation, by

diminishing it, 3 '3 grammes will have to be removed before

a difference is perceptible, or, by increasing it, 3*3 grammes

must be added to it. Again, with 100 grammes, 33*3

grammes, and with 1000 grammes, 333-3 grammes, before

appreciable differences will be observed—that is to say, the

added or subtracted weight will be in the ratio of 1 : 3

with the primitive weight. The ratio 1:3 = the constant

proportion. The following table gives the constant pro-

portion for each sense :

—

Tactile sensations, . 1 3

Sensations of temperature, . . 1 3

Auditory sensations, . . 1 3

Muscular sensations, . . 6 100

Visual sensations, . 1 100

The following are the values of the miiiimicm of excitation

for the different senses :

—

Sensation of touch: pressure of -002 grammes to '05

grammes. [Auhert.)

2m *
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Sensation of temperature :
-J

of a degree C. ; the tempera-

ture of the skin being about 184° C. {Weler.)

Sensation of movement: shortening, to the extent of '044

millimetre, of the internal rectus of the eye. {Wundt.)

Sensation ofsound: a ball of pith, 1 milligramme in weight,

falling 1 millimetre in height, upon a glass plate, may
be heard at a distance of 91 millimetres from the ear.

iSchafhdutl.)

Sensation of light: an intensity of light about 300 times

more feeble than that of the full moon. {Aubert.)

2. Quality ofSensation.—We may assign different qualities

either to sensations of different senses, or to sensations of

the same sense caused by different forms of. excitation.

Thus the quality of an auditory, is different from that of a

visual, sensation, and the quality of the sound of a piano

is different from that of the human voice. The contrast

between auditory and luminous impressions, as regards their

respective excitants, is striking. Both are caused by move-

ments, but the lowest sound audible as a musical tone is

caused by 1 6 vibrations per second ; the highest sound

audible to the ear by 36,000 j while the sensation of red at

one end of the spectrum corresponds to 450, and that of

violet at the other end to 785, billions of vibrations per

second. Sensations of temperature are caused by vibrations

which come in far above the range of audible sounds, and

approach, and blend with, the lower limits of those causing

luminous impressions. It is not possible, in the present

state of science, to make definite statements as to the

molecular movements causing touch, taste, and smell.

3. Objectivity of Sensory Impressions.—When a nervous

impression from a terminal organ reaches the brain, it

excites in it changes which result in a sensation; and if

the sensation be referred to some cause outside of the body.
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there arises what may be termed an idea. The link between

the sensation, considered in its simplest form, and the idea,

may be spoken of as a perception. Regarding the mechanism

of these processes we know nothing. They may all result

from the same kind of nervous activity, but of different

degi'ees of intensity, or they may be related to broader

areas of grey matter. Thus a feeble stimulus may produce

such actions as result in mere sensation ; a strong stimulus,

may cause perception ; whilst a third may result in an idea

of the cause of the stimulus. As has been pointed out by

George Henry Lewes, the term sensation has been applied

to very different things ; we need a word which will express,

that lower form of nervous activity which may result in

automatic movements, or which, in other circumstances,

may be associated with conscious perception.

Sensations of sight, of hearing, and to a feebler extent, of

smell, are projected into the external world, whilst those of

touch and taste are referred to the periphery of the body. In

addition, there are numerous ill-defined sensations, such a&

desires, feelings of hunger or of satiety, pleasurable or stifled

respiration, the langour felt in breathing an impure atmos-

phere, &c., which we are unable to refer to any particular

place. Sometimes, in the organ of vision or of hearing,

exciting causes operate in the organ itself, so as to give rise

to sensations, which are referred to the exterior. Such are

the dots sometimes seen dancing before the eye, and the

blowing, buzzing, and ringing sounds which may distress,

the ear during disease. In all probability, the projec-

tion of visual and auditory sensations is partly to be ex-

plained by habit and partly by supposing that it may be due

to reasoning processes by which phenomena are connected

with their causes.

For details regarding these interesting psychological questions see

Wundt's Psychologie Physiologische ; also his Physiologie, p. 441.
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Consult also George Henry Lewes, Physical Basis of Mind, and

his History of Philosophy, in which he gives in great detail the

views of many authors ; Herbert Spencer's Principles of Psycho-

logy ; Fechner's Elemente der Psychophysik ; Taine, on Intelli-

gence ; P. S. Wyld, the Physics and Philosophy of the Senses
j

Delbceue, Recherches Theoriques et Exp^rimentales sur la Mesure

des Sensations ; Bain, the Senses, and the Emotions and the Will

;

James Sully's Sensation and Intuition ; and various articles by

WuNDT, Sully,, and Lewes in " Mind " for 1876 and 1877.

B.—THE SENSE OF TASTE.

1. Anatomical Conditions.

The tongue is the essential organ of taste, but the upper

part of the anterior surface of the soft palate, and probably

the anterior pillar of the fauces, are endowed with gustatory

sensibility to a feeble extent. - The nerves connected with

this sense are (1) the glosso-pharyngeal supplied to the

Fig. 136.—Organ of taste from tongue of rabbit : a, section through
taste organ, showing flask-shaped bodies in the depressions ; &, flask

body isolated, showing that it is made of spindle-shaped cells ; c, small
cells found in flask, having pointed lower ends which are continous
with nerve fibres ; d, fusiform cells which form wall of flask-shaped
body,

posterior third
; (2) the lingual branch of the fifth distributed

to the anterior two-thirds ; and (3), according to some

authorities, filaments in the chorda tympani. These nerves

are distributed to the papillse on the surface of the tongue,

of which there are three varieties—the simple or filiform,

J
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the fungiform, and circumvallate. In the latter, as found in

the tongue of the rabbit, special terminal organs have

recently been discovered, which are shown in Fig. 136.

2. Physical Causes of Taste.

The organ is excited by substances in solution, which

may be classified, according to the sensation they excite, as

salines, sweets, acids, and bitters. Such substances as

cayenne or mustard do not give rise to pure sensations of

taste, but act chiefly on the tactile sensibility of the tongue

as irritants. Colloidal substances, such as albumen, are

devoid of taste ; and the sensation can only be excited by

crystalloids readily soluble in water, or in the fluids of the

mouth. No definite relation can be established between

the chemical constitution of a substance and its gustatory

properties. Thus substances so difierent as sugar, the salts

of lead, and chloroform, are all sweet. It is remarkable that

mineral substances containing 3 atoms of O to 2 atoms of

the base, such as AlgOg, FcgOg, and hyposulphites are usually

sweets, whereas vegetable alkaloids are bitters. The sensa-

tion of taste may also be excited by a slender but powerful

current of cold air driven against the tongue, and by elec-

trical stimulation.

3. Physiology of Taste.

The base of the tongue is the region most sensitive to

bitter substances, whilst the point is most aflected by sweets

and acids. Taste depends physiologically on the contact of

the soluble matter with the terminal organs, which are situ-

ated in the papillae. No sensation is experienced when the

substance is placed between two papillae. The sense may
be excited by the presence in the blood of bitter substances,

a fact which may account for the intensely bitter taste
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experienced during jaundice. As regards sensibility to taste,

there can be no doubt it is most acute for bitter substances.

One part of sulphate of quinine in 100,000 parts of water is

still perceptible. What we term tastes, in ordinary lan-

guage, are frequently sensations of a compound character,

due partly to gustatory and partly to olfactory impressions.

For example, if the nostrils be held firmly, it is impossible

to distinguish between the sensations produced by apply-

ing an onion or an apple to the tongue. The sense may,

in cases of disease, be paralysed without interference with

tactile sensibility, and the reverse has also been observed.

C-SENSE OF SMELL.

1. Anatomical Conditions.

The organ of the sense of smell is the mucous membrane

lining a part of the nasal cavities supplied with nerves from

the olfactory bulbs or first pair, of cranial

nerves. Attached to the side walls of

each nasal cavity are two delicate scroll-

like bones, called turbinated bones, which

to a great extent divide each cavity into

three spaces, lying one above the other.

The uppermost two of these constitute

the true olfactory chambers, whilst the

lowest passage is merely used for respir-

atory purposes. The whole of this bony

framework is covered by moist mucous

membrane, having imbedded in it flat

elongated cells attached to the ramifica-

tions of the olfactory nerves (Fig. 137).

By the contact of certain substances with these, a sensation

of smell is produced.

'^FiG. 137.—Cells from
the olfactory organ of
two kinds—a, with broad
ends like knife-handles

;

c, with delicate pointed
ends, and continuous with
nerve-fibre at d.
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2. Physical Causes of Smell.

These are substances present in the atmosphere in a state

of extremely fine subdivision, or existing as vapours or

gases. Graham pointed out that odorous substances are in

general readily oxidized. For example, sulphuretted hydro-

gen, the ethers, alcohols, and essential oils have this pro-

perty; and, on the other hand, such a gas as light carburetted

hydrogen, which is not acted on by oxygen at ordinary

temperatures, has no odour. The fine state of subdivision

of odoriferous bodies is illustrated by the fact that a grain

of musk can afiect the atmosphere of a room of considerable

size for years without appreciably losing weight, and that

1 part of HgS in 1,000,000 parts of air may be distinctly

perceptible. Yenturi and Li6geois have studied the physical

movements of odoriferous particles, such as camphor, succinic

acid, &c., when placed on the surface of water; and among

other interesting facts they have ascertained that the mate-

rials forming essential oils may cause a film on the surface of

water of almost inconceivable thinness. It is well known

that the odours of flowers are most distinctly perceived in

the morning, or after a shower, when the atmosphere con-

tains a considerable amount of aqueous vapour. It would

appear also that the odours of animal effluvia are of higher

specific gravity than the air, and do not readily diffuse ; a

fact which may account for the pointer and bloodhound

keeping their noses to the ground.

3. The Physiology of Smell.

Smell is excited by the contact of odoriferous particles

with the mucous membrane of the nose. It is necessary

that the air containing the odour be driven forcibly against
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the membrane. Thus, smell only occurs when the air is

drawn into the nostrils, and one may enter a room, the air

of which is impregnated with H2S, and experience no odour

if he does not breathe. Another condition of the sense of

smell is that, under the action of the same odour, it dimin-

ishes quickly in intensity. The first scent of a rose or of a

perfume is the strongest and sweetest; and after a few

minutes' exposure, the intensity of even a foetid odour may
not be perceived. This fact may be accounted for on the

supposition that the olfactory membrane becomes quickly

coated with a thin layer of matter, and that the most intense

effect is produced when the odoriferous substances are applied

to a clean surface. The delicacy of the sense is much

greater in many of the lower animals than in man, and it is

highly probable that the dog or cat obtain information by

means of this sense which a human being cannot get.

Such animals make a much greater use of the sense than the

human being, and it is not unlikely that odours may pro-

duce in their minds more vivid impressions, which also may
be recalled by acts of memory. The sense of smell in man
may be increased by education. A boy, James Mitchell, was

born blind, deaf, and dumb, and chiefly depended on smell

for keeping up a connection with the external world. He
employed it on all occasions, like a domestic dog, in distin-

guishing persons and things. In some rare cases, the sense

of smell is entirely absent in human beings.

Of the exact changes undergone by the odoriferous par-

ticles, nothing is known.

Odour may give information as to certain characters of

food and drink, and as to the purity of the air. In the

lower animals, also, the sense is associated with sexual

functions.
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D.-THE SENSE OF TOUCH.

1. Anatomical Conditions.

The organs of toucli are situated in the papillae of the

true skin and in a few other places. They are of three'

kinds : (1) end-bulbs, found in the glans penis, and in some

of the papillae in the red border of the lips, consisting of a

small capsule of connective tissue containing soft matter, In

which one or more fibres of a nerve terminate
; (2) touch-

bodies, found in certain papillae of the palm and sole, more

sparingly in those of the back of the hand and foot, the

palmar surface of the fore-arm and nipple, formed of a core

of soft material enclosed by a firm capsule of connective

tissue, which is surrounded by a few coils of nerve fibre, the

fibre ultimately entering into an aperture at the apex of the

oval structure; and (3) Paccinian bodies, like small seeds,

attached to the branches of nerves as they pass through the

subcutaneous fat on their way to the skin, and consisting of

a series of concentric layers of connective tissue, enclosing a

transparent soft substance in which the termination of the

nerve is imbedded. The latter structures have frequently

been found in the mesentery, and as they are situated more

deeply than the other two bodies, it has been supposed that

their special functions may be connected with sensations of

pressure.

2. Physical Causes of Touch.

Sensations of touch are caused by mechanical actions, such

as contact, pressure, or traction applied to the sensory nerves

of the skin. Solid bodies act either by pressure or by

traction. As regards pressure, it may be so slight as to

give rise simply to a sensation of contact, or it may be so
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great that a new sensation, that of pain, is developed. It

may also vary not only as regards intensity, but in extent

;

it may be uniform or irregular. It would appear that

continuous pressure, even when gentle, will not give rise to

a sensation of simple contact or touch, so that inequality of

pressure is one of the conditions of tactile sensations. Thus

a mould of paraffin on the tip of the finger, when it solidi-

fies, gives rise to no tactile sensation, as it presses equally

upon all points of the skin. Tickling is caused by very

gentle contacts succeeding each other rapidly over a surface

of some extent, so as to irritate numerous fibres. Traction,

iis on pulling a hair, gives rise to a sensation which may
gradually pass from a simple feeling of contact to pain.

Fluids press uniformly on all parts of the cutaneous surface,

with the exception of the part in contact with the surface of

the fluid. There is thus, when the fore-finger is dipped in

mercury, no feeling of contact in the part of the finger in

the air or in the part immersed in the mercury, but only a

sensation of a ring at the level of the surface of the mercury.

A current of cold gas gives rise to a tactile sensation when

it strikes the surface of the skin obliquely.

3. Physiology of Touch.

The anatomical arrangements for the sense of touch are

evidently for the purpose of communicating delicate move-

ments to the extremities of the sensory nerves. This is

accomplished by having the delicate extremities of the

nerves imbedded in a semi-fluid substance, surrounded by a

tolerably firm but elastic capsule. It has occurred to the

author that such an arrangement would facilitate the trans-

mission of oscillations to the ends of the nerves. Such

oscillations constantly occur in the body itself, probably

from feeble muscular tremors combined with the influence of
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tlie elasticity of the parts. If a marker be attached to any

part of the body, and more especially to the extremities, and

be brought in contact with a rapidly moving surface, such

tremors may be seen graphically, although the individual is

not conscious of their existence, and although they cannot

be followed by the unaided eye. If this be the case, when

the tip of the finger touches the table, it is not motionless,

but oscillates through minute distances, and these oscilla-

tions are communicated by the elastic touch-bodies to the

ends of the nerves. Meissner has advanced a similar hypo-

thesis. It has been ascertained also that if we apply the

tip of the finger to the teeth of a rapidly rotating wheel,

when it receives about 640 shocks per minute, the sensation

is fused into one of contact with a considerable amount of

pressure.

a. Sensations of Contact.—These may vary with the

nature and intensity of the excitant, and with the extent of

surface excited. It is difficult to vary the nature of the

excitant without at the same time calling agencies into play

which are not properly connected with touch. Thus, if we

touch a body at different temperatures, different sensations

may be experienced. Again, if we touch a body it may feel

cold or warm, according as it is a good or a bad conductor of

heat. Here we have sensations of temperature as well as

tactile sensations. At the same time, bodies of the same

temperature, such as a bit of wood, a fat, a fluid, or a jet of

gas, may give rise to tactile sensations of different quality.

The sensation may be soft or hard, smooth or rough, oily or

astringent. Again, if two parts of the skin of the body

touch each other, we refer the sensation chiefly to the most

sensitive. Attempts have been made to measure the delicacy

of sensations of contact by means of small weights. Thus,

it was found that a weight of 2 mgm. pressing on 9 square

mm. of cutaneous surface was sufficient on the forehead,
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temples, and nose; 3 on tLe palm of the hand; and 15 on the

palmar surface of the index finger.

b. Compound Tactile Sensations.—When two points on the

skin are touched simultaneoiisly, we may have two sensa-

tions ; but if the points be brought in very close proximity,

the two may be fused into one. Taking advantage of this

fact, H. Weber determined the sensitiveness of different

regions of the skin by applying the points of compasses, and

finding the nearest limit at which the double sensation was

experienced. The following are a few of his results in

millimetres :

—

mm. mm.

Point of the tongue, . . 1"1

Palmar surface of third

phalanx of fingers, .
2 '2

Eed border of the lips, .
4-5

Dorsal surface of third

phalanx, 6*7

Middle of tongue, . . 9 "0

Jaw, 11-2

Back of hand, . . . . 31 '5

Neck, under the chin, .
33 '7

Knee, 36-0

Forearm, 40*5

Sternum, 45 '4

Side of neck, . . . . 54'1

Back, 54-5

Shoulder, 67-6

It has been found impossible to distinguish more than 4 or

5 points of contact at once.

c. Duration of Tactile Sensations.—The sensation lasts

for a short time after cessation of the exciting cause. There-

fore, in the experiment with the rotating toothed-wheel

before described, the sensation produced by the contact of

each tooth must have lasted longer than the g J^th of a

second.

d. Localization of Tactile Sensations.—We know more or

less exactly the point that has been touched. Sometimes,

however, strange illusions occur, as in the well-known

experiment of Aristotle. If we cross the index and the

middle finger, and roll about a small marble on the table,
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there is a sensation of two marbles. It results from the

tendency to decompose a sensation into two, and to refer

each to the area of skin, from which we are in the habit of

receiving impressions of that character.

e. Influences varying Tactile Sensibility.—It is dull where

the epidermis forms a thick coat, and, as a rule, delicate where

it is thin. The presence of the epidermis is necessary, as we
find tactile impressions give way to sensations of pain when

it is deficient or injured. It may be modified by exercise,

which not only increases delicacy of touch, but augments

the faculty of localization and of judging pressure. These

statements are illustrated by the skilful manipulations of

experienced artizans. The educated touch of the surgeon

is an instance of an acquired power of combining sensa-

tions of contact and of pressure, as indicated by the

amount of resistance, and of forming a rapid and accurate

judgment.

-e.—sense of vision.

1. Anatomical Conditions.

The eye is a nearly spherical organ, formed of transparent

parts situated behind each other, and surrounded by various

membranous structures, of which the anterior part is also

transparent. The transparent parts in the interior of the

eye are : (1) the aqueous humour found in the anterior

chamber of the eye ', (2) the crystalline lens, formed by a

transparent convex body, of which the anterior surface is

less convex than the posterior ; and (3) the vitreous humour,

a semi-fluid substance, surrounded by a structureless mem-
brane, the hyaloid membrane, situated in the posterior

chamber of the eye. The lens is formed of a series of

layers, which in turn are made up of fibres; and it in-
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creases in density from the circumference towards the

centre. These transparent parts are surrounded by three

layers of membrane, the one outside of the other—(1) an

external layer, the posterior part of which is formed by the

sclerotic, and the anterior part by the transparent cornea;

Fig. 138.—Diagrammatic Section of the Eyeball {Wundt). 1, scler-

otic ; 2, junction of sclerotic and cornea; 3, cornea; 4, 5, anterior
layer of epithelium (conjunctiva); 6, posterior elastic lamina; 7,8,
junction of iris with choroid ; 9, 10, choroid ; 11, 12, 13, ciliary pro-
cesses ; 14, iris ; 15, retina, lined by hyaloid membrane ; 16, fibres of

optic nerve ; 17, arteria centralis retinae ; 18, yellow spot ; 19, 20,

anterior portion of retina ; 21, 24, membrane passing behind lens ; 22,

25, membrane passing in front of lens ; 23, canal of Petit ; 26, 27,

28, lens ; 29, vitreous humour ; 30, anterior chamber, containing
aqueous humour ; 31, space between iiis and anterior layer of capsule
of lens.

(2) the choroidal or vascular membrane, composed of the

choroid properly so called, which lines the internal surface

of the sclerotic, and the anterior part of which forms the
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ciliary 2^1'ocesses and the iris, a movable diaphragm, sur-

rounding an aperture termed the pupil; and (3) the retina,

which lines the posterior part of the eyeball, being placed

between the choroid and vitreous humour. The retina, as.

will be hereafter seen, is the layer sensitive to light ; but

to reach it a luminous ray must pass from before back-

wards through the following transparent structures—cornea,

aqueous humour, crystalline lens, and vitreous humour.

The sclerotic may be regarded as a strong fibrous tunic

determining the form of the eyeball, and supporting the

more delicate structures. The cornea is also a firm mem-

brane; it is covered on the anterior surface by several layers-

of transparent pavement epithelium, reflected from the

conjunctiva ; the proper substance of the cornea is formed

of a series of transparent laminse, amongst which are nume-

rous connective tissue corpuscles j and the posterior surface,

next the aqueous humour, is lined by a homogenous elastic

membrane, the membrane of Descemet, covered by one layer

of epithelial cells.

The choroidal layer consists of connective tissue, perme-

ated by numerous vessels, and lined in its internal surface

by a layer of black pigment. Its antei'ior part forms a

series of folds, termed the ciliary processes, which are richly

supplied with capillaries. In the anterior part of the

choroidal layer there are two contractile structures, the

ciliary muscle and the iris. The first, arising from the

convex surface of the choroid, is inserted into the trans-

parent membrane forming the anterior part of the capsule of

the lens. The iris is formed of a stroma of connective

tissue, containing numerous bloodvessels, and having the

posterior surface lined by pigment cells, and the anterior

surface covered by an epithelial layer continuous with

Descemet's membrane. Mixed with the stroma, there are

two layers of involuntary muscular fibre : one set, radiating
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from the margin of the pupil towards the circumference,

may be termed the dilator of the pupil ; and the other set,

forming a circular band, is known as the constrictor of the

pupil. By contractions of these fibres, the pupil may
become large or small.

The vitreous humour consists of a semi-fluid substance

lying in a meshwork of connective tissue.

The retina is a transparent membrane during life, but

after death it may become opalescent and of a bluish colour.

Its posterior surface is applied to the choroid, and its

anterior is separated from the vitreous humour by a thin

transparent hyaloid membrane. In the fresh condition,

when examined microscopically, it shows little trace of

structure j but if it be hardened by alcohol or chromic acid,

it may be cut into thin sections perpendicular to its surface.

Its structure may also be elucidated by immersing the sec-

tions in staining solutions, or, still better, in solutions of

osmic acid. In a successful section, the following layers,

proceeding from the surface next the choroid, may be

observed: (1) a layer, often termed Jacob's membrane, formed

of remarkable structures, which, from their shape, are

known as the rods and cones; (2) an external layer of

granules of considerable size; (3) a middle layer of very

minute granules
; (4) an internal layer of granules

; (5) a

layer of ganglionic nerve-cells ; and (6) a layer of nerve

fibres, continuous with the optic nerve. It is probable that

all of these layers are intimately connected together, and

that each rod and each cone is in direct continuity with

the termination of an optic nerve fibre. (See Fig. 139.)

It is important to observe that the apices of the rods and

cones are directed towards the choroid, and that their other

extremities point towards the interior of the eye. Before

rays of light reach this layer, they must have traversed the

other transparent layers of the retina—first the fibrous,
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derived from the optic nerve, and

afterwards the granular hiyers.

As the rods and cones are the

parts sensitive to light, it is neces-

sary to notice the observations of

Max Schnltze regarding their minute

structure, which will be understood

with the aid of Fig. 139. Each

rod and cone consists of two parts

:

an external—cylindrical, and simi-

lar in appearance in both rods and

cones; and an internal—-the form of

which constitutes the chief differ-

ence between the two. In the cones,

it is somewhat pyriform, and in the

rods it is cylindrical. The external

part is homogeneous and double re-

fractive to light, whilst the other is

usually finely granular, and exhibits

a tendency both to longitudinal and

to transverse cleavage. At the junc-

tion of the two, small very refrac-

tive particles may often be seen,

and in many birds these are fre-

quently of a red or yellow colour.

In Fig. 139, the internal granulated

layer of Max Schultze is marked

4, the inner granule layer 5, the

external granulated layer 6, the

external granule layer 7, and the

layer of rods and cones 9.

It has been ascertained that cones

abound in the retinae of animals,

such as nocturnal birds, which are

2 N

Fig. 139.—Elements of Retina.
according to Max Schultze.
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sensitive to faint lights, and that in the yellow spot, which

is the most sensitive part of the human eye, only cones

exist. At the point of entrance of the optic nerve, in the

centre of the retina, only the fibrous layer exists, and, as

will be shown, this area is insensible to light. A few of the

special histological characters of the rods and cones which

must have an effect on retinal impressions is shown in

Pig. 140.

I

Fig. 140.—Various views of rods and cones {Max Schultze). abed,
rods from retina of frog, a, fresh rod, connected with inner segment,
a; &, a similar rod, showing tendency to transverse cleavage, in
serum ; c, a similar rod, in a dilute solution of potash ; d, a rod cleav-
ing into discs (1000 diameters) ; e, outer segment of rod from human
retina in strong solution of perosmic acid, showing tendency to trans-
verse cleavage (1000 diameters) ; /, twin cone from the retina of a
perch; s's", rods from retina of a falcon, showing highly refractile

lenticular hodies in inner segment, s's'; the last figure to the right is

a rod from the retina of a triton, showing a lenticular body, c', in the
internal segment.

The eyeball is moved in its socket by six muscles, and it

is protected by the eyelids. In the latter, small glands,

called the meibomian glands, secrete a fluid for lubricating

the surface of the eye, which is also moistened by the

secretion of the lachrymal gland.
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2. Physical Causes of Vision.

A luminous sensation may be caused by various kinds of

irritation of the retina or of tbe optic nerve. Pressure, cut-

ting, or electrical shocks may act as stimuli, but the normal

stimulus is the action of light on the retina. Physically,

light is a mode of motion, occurring in a medium, termed

the ether, which pervades all space. When the movements

of light act on the retina with sufficient intensity, molecular

changes occur in that structui-e which in turn excite the

fibres of the optic nerve ; then a stimulus is conveyed to the

brain, and the result is a sensation of light. Thus, light is

regarded by the physicist as a mode of movement, or a

condition of matter; whilst the physiologist studies the

effect of these movements on the sentient organism. Such

movements, acting on retina, optic nerve, and brain, result

in consciousness of a particular kind which we call a lumi-

nous impression. Outside of the body, these movements

have been studied with a great degree of accuracy ami

precision; but within the organism, as we have to deal

with more complex conditions, it is impossible to follow

them in the same way. \Ye are conscious only of the

result, say of red or of violet light; but the physicist

states that in the first instance, the sensation of red, at

the lower end of the spectrum, is produced by 435 bil-

lions of impulses per second, and that the sensation of

violet, at the upper end, corresponds to 764 billions of

impulses per second. Below the low red and above

the high violet vibrations still occur, but they do not

cause luminous sensations. The rays below the lov/

red are thermal rays, whilst those beyond the extreme

violet are distinguished by their chemical activity. Thus,

we have thermal, luminous, and actinic rays, the in-
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tensities of wLicli are represented grapliically in tlie fol-

lowing figure.

Fig. 141. - Curves of the intensity of thermal, luminous, and actinic
rays in the different regions of the solar spectrum. The luminous
spectrum ranges from A to G ; the ultra violet, from G to T ; and the
ultra red from O7 to A.

The number of vibrations of the extreme violet is not

double that of the low red, so that the sensibility of the eye-

to vibrations of light does not range through an octave.

The ultra-violet rays may act on the retina in certain con-

ditions, as when they are reflected by a solution of sul-

])hate of quinine, constituting the phenomenon oifluorescence.

White light when passed through a prism is decomposed or

dispersed so as to produce a spectrum.

When light traverses any homogeneous transparent me-

dium, such as the air, it passes on in a straight course with

a certain velocity ; but if it meet with any other transparent

body of a different density, part of it is reflected or returned

to the first medium, whilst the remainder is propagated

through the second medium in a different direction and

with a different velocity. Thus we have the phenomena of

reflexion and of refraction. ^ Let a 6 be a plane surface of

some transparent substance, say a sheet of glass ; a ray of

1 The student ought to make himself familiar with the general

laws of reflexion and of refraction, as given in any work on Natural

Philosophy.
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light, c d, perpendicular to the surface, will pass through

without refraction; but an oblique ray, such as ef, will be

bent in the direction e h. If the ray e h had passed from

a dense into a rarer medium, then the direction would be e g.

It can also be shown that

the sine of the angle of

incidence always bears a

certain ratio to the sine

of the angle of refraction,

and this ratio is termed

tlie index of refraction.

Thus, if a ray passes from

air into water, the sine

of the angle of incidence Fig. 142.-DiaoTam illustrating refraction

will be to the sine of
°"^°^'-

the angle of refraction as 4 : 3, or ^, When a ray

passes from a more refractive to a less refractive medium,

the index of refraction is always greater than unity, and is

represented in formulae by w; in the reverse circumstances,

the index of refraction is less than unity and is represented

byL

3. The Optical Arrangements of the Eye.

a. The Optical C&nstanis.

A ray of light must pass through the following transpar-

ent structures before it reaches the retina : cornea, aqueous

humour, anterior layer of the capsule of the lens, the lens

itself, the posterior layer of its capsule, and the vitreous

humour. As the two surfaces of the cornea are parallel,

the rays suffer no deviation in passing through that struc-

ture; but they are refracted in passing through the other

structures. To ascertain the exact course of the rays, it is

necessary to know the radius of curvature of the refracting
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surface and tlie index of refraction. The radius of curva-

ture of the anterior surface of the cornea is 8 mm.; that of

the anterior surface of the lens, 10 mm.; and that of the

posterior surface, 6 mm. The indices of refraction are :

aqueous humour, K^f = 1-3379; lens, ^ = 1*4545; and

vitreous humour, Vl? = 1-3379. Thus, the eye may be

regarded as a centred dioptric system, formed of several

refracting media. In such a system there are six cardinal

points : (1) Two focal j^oints, an anterior and a posterior,

tlie properties of which are that all the rays starting from

the anterior focal point proceed parallel to the axis, and all

these parallel rays come to a focus at the posterior focal

point; (2) Two jyrincijml 2^oints, through which pass hoo

jrrincipal planes, representing the two surfaces of ideal

separation of transparent media—every ray which passes

through one point must pass through the other point, and

every ray which passes through a point in the first principal

plane must pass through a corresponding point in the second

principal plane, at the same distance from the axis
; (3) Tioo

nodal i^oints, which correspond to the optical centres of the

two principal planes already alluded to. The term anterior

focal length is given to the distance between the anterior

focal point and the first principal point; and the term

posterior focal length is applied to the distance of the pos-

terior focal point to the second principal point. The jDOsi-

tions, as measured in millimetres from tlie centre of the

cornea,^ of these cardinal points in the hmuan eye have been

determined as follows :

—

mm. mm.

Anterior focal pomt, . 12-8326

Posterior focal point, . 22 '6470

First principal X-)oint, . 2-1746

Second principal point, . 2 '5724

First nodal point, . . 7 "2420

Second nodal point, . . 7 '6398

Anterior focal length, . 15*0072

Posterior focal length, . 20 -0746

^ These measurements are made chiefly with the aid of an instru-

ment termed an opthalmometer, which is described in Appendix.
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The positions of these cardinal i:)oints in a dioj^tric system,

sometimes called the optical constants of Ganss, will be

understood with the aid of the followino- diao'ram :

—

^^^^^^^K^S^H^^R^^^^^^^B
Fig. 1^3.—Centred dioptric system, x x, axis ; 1, 2, 3, 4, four re-

fractive media, separated by curved surfaces a 6, cd, and ei;
/, anterior focal point ; f\ posterior focal point ; o o, anterior focal
plane ; o'o', posterior focal plane; p, first principal point ; %>', second
principal point; vv, anterior principal plane; w'v', posterior princi-
pal plane; n, first nodal point; n', second nodal point; fp, anterior
focal length ; f'p>, posterior focal length.

b. Formation of an Image on the Retina.

The formation of an image upon the retina may be well

illustrated with the aid of an ordinary photographic camera.

Fig. 144.—Inversion of an image by a bi-convex lens. D E, the
object ; F, posterior focal point of the lens, A B ; inverted image, e cl.

Observe the crossing of certain of the rays at 0, and of others at F.

{Wiiiidt.)

If properly focussed, an inverted image will be seen on

the glass plate at the back of the camera. It may also be
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observed by bringing the eyeball of a rabbit near a candle,

when a bright and inverted image may be seen even through

the sclerotic. The action of a lens in forming an inverted

image is shown in Fig. 144. An inverted image of a candle

may also be formed -without a lens by allowing the rays to

enter a box through a narrow aperture, as shown in Fig. 145.

Fig. 145. —Arrangement for showing an inverted image. {\Yundt.)

The three points to be kept in mind with regard to the retinal

image are : (1) it is reversed; (::) it is sharp and well defined,

if it be accurately focussed on the retina ; and (3) its size

depends on the visual angle. If we look at a distant object,

say a star, the rays reaching the eye are parallel, and in

passing through the refractive media, they are focussed at

the posterior focal point, that is, on the retina. A line

from the luminous point on the retina passing through the

nodal point is called the line of direction. If the luminous

object be not nearer than say 60 yards, the image is still

brought to a focus on the retina without any efibrt on the

part of the eye. Within this distance, supposing the con-

dition of the eye to be the same as in looking at a star, the

image would be formed somewhat behind the posterior focal

point, and the effect would be an indistinct impression on

the retina. To obviate this, for near distances, accommoda-

tion, so as to adapt the eye, is effected by a mechanism to

be afterwards described.



TEE VISUAL ANGLE. 569

The inversion of tlie image will bo understood witli the aid

of Figs. 144 and 146. Suppose cde to be luminous objects, the

rays proceeding from their surface above the optic axis cross

in the eye so as to be brought to a focus below the axis, and

vice versa. Thus an inverted image is formed on the retina

at ah. The angle x is

termed the visual angle,
\

and it is evident that

its size will depend on

the size of the object
j

and the distance of the

object from the eye.

Thus, objects of differ-

ent sizes, c, d, and e,

may be included in

the same visual angle,

as they are at differ-

ent distances from the

Fig. 14t). Diagram showing the visual angle.

eye. The size of the image

on the retina may obviously be calculated if we know
the size of the object, its distance from the nodal point

o, and the distance of the nodal point from the posterior

focus. Let A be the size of the object, b its distance

from the nodal point, and c the distance of o from the

retina =15 millimetres ; then the size of the retinal image,

A + 15
X = . The smallest visual angle in which two dis-

tinct points may be observed is 60 seconds ; below this, the

two sensations fuse into one ; and the size of the retinal

image corresponding to this angle is -004 millimetres, nearly

the diameter of a single retinal rod or cone. Thus, two

objects included in a visual angle less than 60 seconds

appear as one point.

A small visual angle is in most eyes a condition of

sharpness of definition. With a large angle, objects ap-
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pear less sharply marked. Acuteness is determined by a

few or even only one retinal element being affected. A.

very minute image, if thrown on a single retinal element, is

apparently sufficient to excite it. Thus, it is possible to see

a brilliant point in an angle even so small as ^ of a second,

and a sharp eye can see a body the -Vth of a line in diameter

—that is, about the o io*^* P^'^^'^
^^^ ^i^ inch.

c. Optical Defects of the Eye.

As an optical instrument, the eye is defective ; but from

liabit and Avant of attention its defects are not appi^eciated,

and consequently they have little or no influence on our

sensations. They are chiefly of two kinds : (1) those due to

the curvature of the refractive surfaces ; and (2) those due

to the dispersion of light by the refractive media.

1. Aberration of Spherlcit7/.—H\ipipose, as in Fig. 147,

M A K to be a refractive surfVice on which parallel rays from

Fig. 147.— Diagram illustrating; aberration of sphericity.

L to s impinge, it will be seen that those rays passing near

the circumference are brought to a focus at F^, and those

passing nearer the centre at f^, intermediate rays being

focussed at n. Thus, in the portion of the axis between
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F^ and F"^, tbere will be a series of focal points, and tlie effect

A\dll be a blurred and bent image. In tlie eye, this defect is

to a large extent corrected by the following arrangements :

(1) the iris cuts off the outer and more strongly refracted

rays; (2) the curvature of the cornea is more ellipsoidal

than spherical, and consequently those farthest from the

axis are least deviated
; (o) the anterior and posterior cur-

vatures of the lens are such that the one corrects, to a

certain extent, the action of the other ; and (4) the structure

of the lens is such that its power of refraction diminishes

from the centre to the circumference, and consequently the

rays farthest from the axis are less refracted.

Another defect of the eye is due to different meridians

having different degrees of curvature. This defect is known
as Astigmatism. It may be thus detected : draw with ink

on a sheet of white paper a vertical and a horizontal line,

crossing at a right angle ; at the point of distinct vision, it

will be found impossible to see the lines with equal distinct-

ness at the same time ; so that to see the horizontal line

distinctly, the paper must be brought near the eye, and

removed from it to see the vertical. In the cornea, the

vertical meridian has a shorter radius of curvature, and is

consequently more refractive than the horizontal. The

meridians of t]ie lens may also vary ; but, as a rule, the

asymmetry of the cornea is greater than that of the lens.

The optical explanation of the defect will be understood with

the aid of Fig. 148.

Thus, suppose the vertical meridian, c A d, to be more

strongly curved than the horizontal, f a e, the rays which

fall on c A D will be brought to a focus G ; and those falling

on F A E at B. If we divide the pencil of rays at succes-

sive points, G, H, I, K, B, by a section perpendicular to a b,

the various forms it would present at these points are seeir

in the figures underneath ; so that, if the eye were placed at-
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<J, it would see a horizontal line a a ; if at h, an ellipse, with

the long axis a a parallel to a b j if at i, a circle ; if at k, an
ellipse, with the long axis 6 c at right angles to a b ; and, if

at B, a vertical line h c.^ The degree of asti2:matism is

Fig. 148.—Diagram illustrating Astigmatism. See Text. {Wundt.)

ascertained by measuring the difference of refraction in tlie

two chief meridians ; and the defect is corrected by the use

of cylindrical glasses, the curvature of which, added to that

of the minimum meridian, makes its focal length equal to

that of the maximum meridian.

(2) Aberration of Refrangilility.—When a ray of white

light impinges on a lens, the different rays composing it,

being unequally refrangible, are dispersed. The violet rays

•(see Fig. 149), the most refrangible, are brought into a focus

^ An ingenious arrangement, consisting of threads of different

colours, devised by Helmholtz, may be used to illustrate these

facts.
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fit G ; and tlie red rays, less refrangible, at d. If a screen

were placed at e, a series of concentric coloured circles would

be formed, the central being of a violet, and tlie circumference

of a red, colour. The reverse efre3t would be produced if the

screen were placed at d. Imagine the retina in ^Dhice of the

Fig. 149.—Diagram illustrating the dispersion of light by a lens.

screen in the two positions ; the sensational effects would be

those just mentioned. Under ordinary circumstances, th e error

of refrangibility due to tlie optical construction of the eye,,

is not observed j as, for vision at near distances, the interval

between the focal point of the red and violet rays is very

small. If, however, we look at a candle flame through a bit

of cobalt-blue glass, which transmits only the red and blue

rays, the flame may appear violet surrounded by blue, or blue

surrounded by violet, according as we have accommodated the

eye for different distances. Ked surfaces always appear

nearer than violet surfaces situated in the same plane, because

the eye has to be accommodated more for the red than for the

violet, and consequently we imagine them to be nearer.

Again, if we contemplate red letters or designs on a violet

ground, the eye soon becomes fatigued, and the designs may

appear to move.

(3) Defects due to Opacities, d'C, in the TransjKirent

Media.—When small opaque particles exist in the trans-

parent media, they may cast their shadow on the retina, so

as to give rise to images which are projected outwards by

the mind into space, and thus appear to exist outside of the
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body. Such phenomena are termed entoptic, and they may

be of two kinds : (1 ) extra-ret{7icd, that is, due to opaque or

semi-transparent bodies in any of the refractive structures

anterior to the retina, and presenting the appearance of

drops, strise, lines, twisted bodies, forms of grotesque shape,

or minute black dots dancing before the eye ; and (2) intra-

retinal, due to opacities, &c., in the layers of the retina in

front of Jacob's mem-

brane. The intra-retinal

phenomena may be pro-

duced, in a normal eye,

in various ways: (1)

Throw a strong beam of

light on the edge of the
Fig. 150—Diagram illustratinj? entoptic phe- ^ .

iiomena. 2 2, a screen, admitting light from SClerotlC On the Outcr part
A, by a minute aperture 1, Observe the form .

of the pencil of rays, a b, minute bodies 01 the eye, and a CUriOUS
(extra-retinal) casting a shadow on retina; . i t n -n v
c, body (intra-retinal), casting a sliadow ou brancned ngure Will DC
Jacob's membrane. i,* i. •

seen, which is an image

of the retinal vessels. {Furkwje's figures) ; (2) Look

at a strong light through a minute aperture, in front

of which a rapid to-and-fro movement is made, and an

imago of the vessels will also be seen; and (3) Look

at a very brilliant light passing through a long tube,

moving the head to and fro, and numerous round and

faintly-marked bodies, the blood-corpuscles, may be detected.

Thus, by such arrangements, an observer may see the circu-

lation in his own eye. Such experiments also prove that the

sensitive part of the retina is its deepest and most external

layer. (Jacob's membrane).

d. AcconwiodcUion or the Mechanism of Adjustmentfor

different distances.

When a camera is placed in front of an object, it is

necessary to focus accurately in order to obtain a clear and

I
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distinct image on the sensitive plate. This may be done by

moving either the lens or the sensitive plate backwards or

forwards, so as to have the posterior focal point of the lens

corresponding with the sensitive plate. For similar reasons,

a mechanism of adjust-

ment, or accommodation

for different distances, is

necessary in the human
eye. In the normal eye

any number of parallel

rays, coming from agreat

distance, are focussed on

the retina. Such an

eye is termed Emme-
iropic (Fig. 151, a).

Another form of eye

(b) may be such that

parallel rays are brought

to a focus in front of

the retina. This form

of eye is myopic or

short-sighted, inasmuch

as for distinct vision, the

object must be brought

near the eye, so as to catch the divergent rays which are then

focussed on the retina. A third form is seen in c, where

the focal point, for ordinary distances, is hehind the retina,

and consequently the object must be held far off, so as to

allow only the less divergent or parallel rays to reach the

eye. This kind of eye is called Hypermetropic or far-sighted.

For ordinary distances at which objects must be seen distinctly

in every-day life, it is evident the fault of the myopic eye

may be corrected by the use of concave, and of the hyper-

metropic, of convex, glasses. In the first case, the con-

FiG. 1.51.—A, Emmetropic or normal eye

;

13, Myopic or short-sighted eye; c, Hyperme-
tropic or long-Righted eye.
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cave glass will remove tlie posterior focal point a little

farther back, and in the second, the convex glass will bring

it farther forwards ; in botli cases, however, the glasses may
be so adjusted, both as regards refractive index and radius

of curvature, as to bring the rays to a focus on the retina,

and consequently secure distinct vision.

From any point sixty-hve metres distant, rays may be

regarded as almost parallel, and the point will be seen with-

out auy effort of accommodation. This point, either at this

distance or in infinity, isj'called the punctum remotum, or

the most distant point seen without accommodation. In the

myopic eye it is much nearer, and for the hypermetropic,

there is really no such point, and accommodation is always

necessary.

In the normal eye, as already stated, parallel rays coming

from infinity are brought to a focus on the retina. When
the rays are not brought accurately to a focus on the retina,

the image is indistinct, and circles of diffusion are formed.

These may be readily studied by the following experiment,

known as the Experiment of Scheiner.

Fig. 152.—Experiment of Scheiner.

Let c be a lens, and d e f be screens placed behind it;

hold in front of the lens a card perforated by two holes

A and B, and allow rays from a luminous point a to pass

through these holes ; the point o on the screen e will be the

exact focus of the rays emanatiDg from a ; ii a were removed
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tai'ther from the lens, the focus woukl be on f, and if it were

brought nearer to c, the focus would then be on d. The

screens f and d show two images of the point a. If then

we close the upper opening in A b, the upper image m on f

iind the lower image n on the screen d, disappears. Suppose

then that the retina be substituted for the screens D and f,

the contrary will take place in consequence of the reversal of

the retinal image. If the eye be placed at o, only one image

will be seen, but if it be placed either in the plane of F or D,

then two images will be seen as at m m or n n, consequently

in either of these planes there will be circles of diffusion

and indistinctness, and only in the plane E will there be

sharp definition of the image.

From the above considerations, it is evident that if an

object be brought too close to the eye for the refractive

,

media to focus it on the retina, circles of diffusion will be

formed, with the result of causing indistinctness of vision,

nnless the eye possess some power of adapting itself to

<Ufferent distances. That the eye has some such power of

iiccommodation is proved by the fact that if we attempt to

look through the meshes of a net at a distant object, we

cannot see both the meshes and the object with equal dis-

tinctness at the same time. Again, if we look continually

iifc very near objects, the eye speedily becomes fatigued.

Beyond a distance of sixty-five metres, no accommodation is

necessary, but within it the condition of the eye must be

-adapted to the diminished distance until we reach a point

near the eye, which may l^e regarded as the limit of

visibility for near objects. This point, called the ^J>^c;^c^^^«^.

2)roximum, is usually twelve centimetres from the eye. The

range of accommodation is thus from the punctiim remotum

to the punctum proximum.

The mechanism of accommodation has been much disputed,

but there can be no doubt it is chiefiv effected by a change20"
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off as seen in tlie figure.

in the curvature of the anterior surface of the crystalline

lens. If we hold a lighted candle in front, and a little to

the side, of an eye to be examined, three reflections may be-

seen in the eye. This experiment may be done with con-

siderable facility by using an instrument devised by Helm-

licltz, and termed a Phahosco2:)e, ^shown in Fig. 153. It

consists of a triangular box having the three angles squared

To the left of the figure two-

prisms are seen, by which

light from a candle is con-

centrated on the eye under

examination. This eye is.

placed before an aperture

on the side of the box

opposite to c, and the eye-

of the observer is j)laced

at a. The three images-

thus seen are shown in

Fig. 154. The first, a, is

erect, large and briglit,

from the anterior surface

of the cornea; the second,

h, also erect, but dim,,

from the anterior surface

of the crystalline lens; and

the third, c, inverted, and

very dim, from the jpos-

FiG. 153.—Phakoscopeof Helmlioltz.
For description, see text.

terior surface of the lens, or perhaps the concave surface

of the vitreous humour to which the convex surface of

the lens is adapted. Suppose the individual gazes at a

distant object through the window c, and the relative-

position of the images be noted, if he then be dii-ected

to fix his eye on a needle point, suddenly pushed up by

the shutter c, the observer at a will see the image h (in
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Mg. 154) advance towards a, that is the anterior surface

of the lens becomes more convex. The change in con-

vexity is shown in Fig. 155. The changes occurring-^

during accommodation are : (1) the cur-

vature of the anterior surface of the

crystalline lens increases, and may pass

from ten to six millimetres
; (2) the

pupil contracts ; and (3) the intra-ocular

pressure increases in the posterior part

of the eye. An explanation of the in-

creased curvature of the anterior surface fig. 154.—Reflected
P ,-1 ^ 1 • 1 ,

•
1 images in tJie ej-e.

01 the lens durnig accommodation has

been thus given by Helmholtz. In the normal condition,

that is for the emmetropic eye, the crystalline lens is

Fig. 155.—Mechanism of accommodation. A, the lens during accom-
modation showing its anterior surface advanced ; b, the lens as in dis-

tant vision ; c, position of the ciliary muscle ; d, the vitreous ; a,

anterior elastic lamina of cornea ; c, corneal substance proper ; h,

posterior elastic lamina, or membrane of Descemet.

flattened anteriorly by the pressure of the anterior layer of

the capsule ; during accommodation, the radiating fibres of the

ciliary muscle pull on the capsule so as to relieve its tension,

and the lens at once bulges forward by its elasticit}^^

1 We are indebted largely to Helmholtz for our present theory of

the Mechanism of Accommodation, and for the means of making
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d. Ahsorption and Fieflection of Luminous Rays from

the Eye.

When light enters the eye, it is partly absorbed by the

black pigment of the choroid and partly reflected. The

reflected rays are returned through the pupil, following not

only the same direction as the rays entering the eye, but

uniting to form an image at the same point in space as the

luminous object. The pupil of an eye appears black to an

observer, because the eye of the observer does not receive

any of these i*eflected rays. If, however, we strongly illum-

inate the retina, and hold a lens in front of the eye to be

observed, so as to bring these reflected rays to a focus

on the retina of the observing eye, then an image of the

retina will be seen. Such is the principle of the oplitlialmo-

scope, invented by Helmholtz in 1851.

Eyes deficient in pigment, as in albinos, appear luminous,

reflecting light of a red or pink colour ; but if we place in

front of such an eye a card perforated by a round hole of

the diameter of the pupil, the hole will appear quite dark,

like the pupil of the ordinary eye. In many animals, a

portion of the fundus of the eyeball has no pigment, and

presents an iridescent appearance. This is called a tapetum^

and probably renders the eye more sensitive to light of feeble

intensity.

accurate measiiTements. This he accomplished by using an instru-

ment invented by himself termed an ophthalmometer, by which the

sizes of the reflected images can be measured with accuracy. Thus

he ascertained that during accommodation the mid reflected image

l^ecomes smaller, in consequence of the anterior surface of the lens

becoming more convex; and from the data thus supplied, he calculated

the radius of curvature. A description of the apparatus and of the

mode of using it was written by the author for Bennett's Text-Book

oi Physiology, p. 563. It will be found in Appendix E.
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e. Functions of tlte Iris.

The iris constitutes a diaphragm which regulates the

amount of light entering the eyeball. The aperture in the

centre, the pujnl, may be dilated by contraction of a system

of radiating fibres of involuntary muscle, or contracted by

the action of another system of fibres forming a sj^hincter at

the margin of the pupil. The radiating fibres are controlled

by the sympathetic, while those of the circular set are ex-

cited by the third cranial, nerve. The variations in diameter

of the pupil are determined by the greater or less intensity

of the light acting on the retina. A strong light causes

contraction of the pupil ; with light of less intensity, the

pupil will dilate. In the human being, a strong light acting

on one eye will often cause contraction of the pupil not only

in the eye affected but in the other eye. These facts indi-

cate that the phenomenon is of the nature of a reflex action,

in which the fibres of the optic nerve act as sensory con-

ductors to a centre in the encephalon whence influences

emanate which act on the pupil. It has been ascertained,

that if the fibres of the optic nerve be affected in any Avay,

contraction of the pupil follows. The centre is probably in

the anterior pair of the corpora quadrigemina, as destruction

of these bodies causes immobility of the pupil. On the

other hand, the dilating fibres are derived from the sympa-

thetic; and it has been shown that they come from the

lower part of the cervical, and upper part of the dorsal,

region of the cord. But the iris seems to be directly sus-

ceptible to the action of light. Thus, as was first pointed

out by Brown-Sequard, the pupil of the eye of a dead animal

will contract if exposed to light for several hours, whereas,

if the eye on the opposite side be covered, its pupil will

remain widely dilated, as at the moment of death. This phe-

nomenon is seen with most marked effect in the eyes of cats.
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The pupil contracts Tiiicler the influence : (1) of an in-

creased intensity of light
; (2) of the effort of accommodation

for near objects; (3) of a strong convergence of the two

eyes ; and (4) of such active substances as nicotine, morphia,

and physostigmine ; and it dilates under the influence : (1)

of a diminished intensity of light; (2) of vision of distant

objects; (3) of a strong excitation of any sensory nerve;

(4) of dyspnoea ; and (5) of such substances as atropine and

hyoscyamiiie. The chief function of the iris is so to mode-

rate the amount of light entering the eye as to secure sharp-

ness of definition of the retinal image. This it accomplishes

by (1) diminishing the amount of light reflected from near

objects by cutting off the more divergent rays and admitting

only those approaching a parallel direction, which, in a

normal eye, are focussed on the retina ; and (2) preventing

the error of chromatic aberration by cutting off divergent

rays which would otherwise impinge near the margin of the

lens, and would thus be brought to a focus in front of the

retina.

4. Normal Excitation of the Eetina.

The retina is the terminal organ of vision, and all the

parts in front of it are merely optical arrangements for

securing that an image will be accurately focussed upon it.

The natural stimulus of the retina is light. It is often said

that it may be excited by mechanical and electrical stimuli

;

but such an observation really applies to the stimulation of

the fibres of the optic nerve. It is well known that such

stimuli applied to the optic nerve behind the eye produce

always a luminous impression; but there is no proof that

the retina, strictly speaking, is similarly affected. Pressure

or electrical currents may act on the eyeball, but in doing so

they not only affect the retina, consisting of its various
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layers and of Jacob's membrane, but also the fibres of the

optic nerve. It is probable that the retina, by which the

iiuthor means all the layers except those on its surface

formed by the fibres of the optic nerve, is affected only by

Fig. 156.—Arrangement of apparatus for obtaining a graphic tracing
of the movement of a galvanometer, in various physiological experi-
ments, a, galvanometer, by the mirror of which the ray,X is reflected

on the cylinder, 6, from the lamp, c ; g, troughs in connection with
galvanometer, the key, i, being interposed. The induction coil, /,
worked by cell d, and key e, may be used in other experiments for

stimulating any preparation placed in the troughs, g.

its specific kind of stimulus, light. This stimulus so affects

the terminal apparatus as to set up actions which in turn

stimulate the optic fibres. The next question naturally is

—

What is the specific action of light on the retina 1 Professor
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Holmgren, of Upsala, individually, and Professor Dewar and

the author conjointly, have shown that when light falls on the

retina it excites a variation of the natural electrical current,

obtained from the eye by placing it on the cushions of a sen-

sitive galvanometer. (See p. 105.) To register such a varia-

tion, the arrangement shown in Fig. 156 is very convenient.

The eye is placed on the clay pads of the troughs, the one

pad touching the cornea and the other the posterior part of

the eyeball. When the key is opened, there is a swing of

the needle of the galvanometer, and the spot of reflected

light, after taking up a position and remaining tolerably

steady, may be brought to the centre of the surface of the

revolving cylinder, and in the dark, it would mark the dotted

line ah, seen in Fig. 157. If light be thrown on the eye

at a, the needle of the galvanometer swings to the right, as

indicated by the curve a h c, indicating an increase in the

natural current ; during the action of light, the current falls

below the normal amount, as shoAvn by the curve c d e ; and

on the removal of light, as at e, there is often a second

increase of the current, as shown b}^ the curve efg; after-

wards the amount of current falls below the normal. These

results were ascertained by experiments on many eyes of

different animals, and they shoAV that light produces a vari-

ation of the natural electrical current obtained from the

living eye. It was also ascertained in this research that

the amount of electrical variation produced by light of

A^arious intensities corresponded pretty closely to the results

expressed in Fechner's law, as stated on page 544. If so,

then this law applies to the phenomena happening in the

terminal organ, and not, as generally supposed, only to those

occurring in the brain. Such electrical phenomena would

probably result either from thermal or chemical changes in

the retina. Kecent researches of Boll and Kiihne have

^hown that light produces chemical changes in the retina.
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If an animal be killed in the dark, and its retina be exposed-

only to yellow rays, the retina has a peculiar purple colour,.

which is at once destroyed if

exposed to ordinary light. The

purple matter is decomposed by

light. Kiihne has also shown

that an image may actiially be

fixed on the retina by plunging

it into a solution of alum, im-

mediately after death. Thus it

would appear that light affects

the purple matter of the retina,

and the result of this chemical

change is to stimulate the optic

filaments ; if the action be ar-

rested, we may have a picture

on the retina; but if it be not

arrested, the picture is evanescent

—the purple matter is used up,

and new matter, of the same

kind, is formed to take its place.

The retina might, therefore, be

compared to a sensitive plate hav-

ing the sensitive matter quickly

removed and replaced, by chemi-

cal changes ; and it is probable

that the electrical expression of

these changes is what has been

above described.

Luminous impressions may
also be produced by pressure on

the eyeball. Such impressions,

termed pJwfigenes, usually appear

as a luminous centre, surrounded by coloured or dark liugs.

Fig. 157.—Curve of the variation
in the natural electrical current of

the eve produced bv the action of

light;
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Sometimes they seem to be small, bright scintillations

of various forms. Similar appearances may be observed at

the moment of opening or of closing a strong electrical

current transmitted through the eye-ball.

The visual field, even when the eyelids are closed, in a

<lark room, is not absolutely dark. There is a sensation of

faint luminosity, which may at one moment be brighter than

-at another. This is often termed the proper light of the retina,

and it indicates a certain condition of molecular activity,

even in darkness.

a. The Excitability of the Retina.

The retina is not equally excitable in all its parts. At the

-entrance of the optic nerve, as was shown by Mariotte in

1668, there is no sensibility to light; hence this part of the

retina is called the blind spot. If we shut the left eye, fix

the right eye on the cross seen in Fig. 158, and move the

book towards and from the eye, a position will be found

when the round spot disappears, that is, when its image falls

on the entrance of the optic nerve. There is also complete

Fig. 158.

insensibility to colours at that spot. The diameter of the

optic papilla is about 1*8 mm. ; this gives an angle of six

<legrees ; this angle determines the apparent size of the blind
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spot in the visual field, and it is sufficiently large to cause

a human figure to disappear at a distance of two metres.

The yellow spot in the centre of the retina is the most

sensitive to light ; and it is chiefly employed in direct vision.

Thus, if we fix the eye on a word in the centre of this line,

it is distinctly and sharply seen, but the words towards each

end of the line are vague. If we wish to see each word

distinctly, we "run the eye" along the line—that is, we
bring each successive word on the yellow spot. This spot

has a hoi'izontal diameter of 2 mm., and a vertical diameter

of '8 mm. ; and it corresponds in the visual field to an angle

of from two to four degrees. It is believed that the fossa in

the spot, where there are almost no retinal elements except

Jacob's membrane, consisting here entirely of cones (2,000 in

immber), is the area of most acute sensibility. This fossa

has a diameter of only "2 mm., which makes the angle ten

times smaller. Thus the field of distinct vision is exti^emely^

limited; and, at the same moment, we see only a very small

portion of the visual field. Images of external objects are

brought successively on this minute sensitive area, and the

difierent sensations seem to be fused together, so that we are

conscious of the object as a whole.

Towards the anterior margin of the retina, sensitiveness

to light becomes diminished ; but the diminution is not

uniform, and it varies in different persons.

b. Duration and Persistence of Retinal Impressions.

To excite the retina, a feeble stimulus must act for a

certain time ; but, if the^Bimulus be strong, it may be of

very short duration. When the retina is excited, the impres-

sion lasts after the cessation of the stimulus. Thus the

duration of an electrical spark is of extremely short duration,

but the impression on the retina is so powerful, and remains
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so long, as to make the spark visible. If we rotate a disc

having white and black sectors, we see continuous dark

bands. Even if we paint on the face of the disc a single

large, round, red spot, and rotate it rapidly, a continuous red

hand may be observed. Here the impressions of red on

the same area of retina succeed each other so rapidly that

before one disappears another is superadded ; the result being

a fusion of the successive impressions into one continuous

sensation. This phenomenon is called the persistence of

retinal impressions. It has been ascertained that an impres-

sion lasts on the retina from the -^^^th to ^^^th of a second. If

Ave look steadily at a bright light for a few seconds, and then

Fig. 159.— Illustration of Irradiation,

quickly close the eyes or gaze into a dark room, a luminous

image of the light will be visible for a short time. Such an

appearance is called a jwsitive accidental image, or a con-

secutive image. It may also be observed in this experiment

that the intensity of the retinal excitation is not uniform.

It increases quickly at its commencement ; and, after it has

reached a maximum, it slowly declines ; indeed, its progress

might be represented graphically by the muscle curve (Fig.

21, p, 119). Many familiar toys, such as the thaumatrope,
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or wheel of life, stroboscopic discs, and the phenakistoscope,

produce curious effects due to persistence of retinal im-

pressions.

If we look at Fig. 159, the white square in the black field

appears to be larger than the black square in the white field,

though both are of precisely the same size. This is due to

irradiation, a phenomenon explained by Helmholtz by stating

that the borders of the clear surfaces advance in the visual

field, and encroach on obscure surfaces. It is probable that

even with the most exact accommodation, a penumbra or

shadow of diffusion images forms around the edge of a white

surface, so as to cause it to appear larger than it really is.

c. Intensity of Light required to Excite the Retina.

To excite the retina, light must have a certain intensity.

It is impossible to fix the minimum intensity necessary, as

tlie effect will depend not only on the intensity of the

-stimulus, but on the degree of retinal excitability at the

time. Thus, after the retina has been for some time in the

dark, its excitability is increased ; on the other hand, it is

much diminished by fatigue. The sensibility of the eye to

light is measured by instruments termed photometers ; the

principle of which is that the intensities of two lights are

inversely proportional to the squares of their distance from

a screen.

d. Consecutive Retinal Images.

Images Avhich persist on the i-etina are either jjositive or

negative. They are termed i^ositive when the bright and

obscure parts of the image are the same as the bright and

obscure parts of the object ; negative when the bright parts

of the object are dark in the image, and vice versa. Positive

images are strong and sharply marked when an intense light
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lias acted for not less than the one-third of a second. If

the excitation be continued much longer, a negative, and not

Fig. IGO.—Figure to illustrate the formation of a consecutive image. (Spectropia.)

a positive image, will be seen. If, when the positive image

is still visible, we look on a very brilliantly illuminated

surface, a negative image appears Negative images are
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seen with greatest intensity after a strong light has acted for

a considerable time. These phenomena may be best studied

when the retina is very excitable, as in the morning, after a

sound sleep. On awaking, if we look steadilyybr an instant

at the window, and then close the eyes, a positive image of

the window will appear; if we then gaze fixedly at the

window for one or two minutes, then close the eyes two or

three times, and then look at a dark part of the room, a

negative image will be seen floating before us. The positive

image is due to excitation of the retina, and the negative to>

fatigue. If we fatigue a small area of the retina with white-

light, and then allow a less intense light to fall on it, the

fatigued area responds feebly, and consequently, the object,,

such as a Avindow pane, appears to be dark. Many curious-

experiments may be made to illustrate the laws of con-

secutive images.

Thus, if we stand near a gaslight and look fixedly, without-

winking, at the little black dot under the chin of the figure-

seen in Fig. 160, for one minute, and then, after closing the-

eyelids two or three times, if we gaze into a dark part of the

room, a white spectre will be seen floating in the air before-

lis. A similar figure, white on a black ground, will jDroduca

a black spectre; a green figure will produce a red ; a red, a

green; the reproduced colour being always complementary

to that of the figure. No doubt, many spectral illusions,,

which were accepted as true by the superstitious, have

been produced in some such way.

5. Sensations of Colour.

Colour is a special sensation excited by the action on tlie^

retina of rays of light of a definite wave-length. Thus we
have a sensation of red when a certain number of waves of

light impinge on the retina in a unit of time, and with



•1392 INNERVATION,

about t^vice the number of waves in the same time, the

sensation will not be of red but of violet. When we

examine a spectrum, we see a series of colours merging by

insensible gradations the one into the other, thus : red,

orange, yellow, green, blue, and violet. These are termed

simple colours. If two or more coloured rays of the spectrum

act simultaneously on the same spot of the retina, they may

oive rise to sensations of mixed colours. These mixed

colours are of two kinds: (1) those which do not correspond

to any colour in the spectrum, such as purple and white, and

(2) those which do exist in the spectrum. White may be

produced by a mixture of

two simple colours, which

are then said to be com-

plementary. Thus red and

greenish blue, orange and

cyanic blue, yellow and

indigo-blue, and greenish

yellow and violet all pro-

duce white. Purple is

produced by a mixture of

red and violet or red

and bluish violet. When
white light falls on a

surface, the surface may absorb all the rays except

the red. If the red rays are alone reflected, then the

object will be red ; if the green rays are reflected, then

the object will appear to be green. Again, if we look

through a red glass, all the rays are absorbed except red, and

consequently the world beyond appears to be red ; so with

i-egard to other transparent coloured media. The phenomena

of colour may be readily studied by various methods ; one

of the simplest is that devised by Lambert, illustrated by

Pig. 161, and it can be easily carried out by any student.

Fig. l(jl.— Laiiibeit's uietliud uf «tudying
coinbiuations of colours.



SBNSATIOJVS OF COLO CII 595.

Get a box of wafers of various colours, and a glass plate

about four inches square, a in Fig. 161. Place a red wafer

on d and a blue wafer on h, and so angle the glass plate as to

throw a reflection of the object on d in the same line as the

object on h. The sensation will then be purple. By
substituting wafers of different colours, many experiments

may thus be performed.

Another method is to use a rotating disc, on the surface of

which coloured sectors are painted, as represented in

Eig. 162. With sectors of the size seen in the figure, ivhite

will be produced on rotat-

j ng the disc rapidly. This

method has been carried

out with great efficiency

by the colour top of Clerk-

Maxwell. It is simply a

flat top, on the surface

of which discs of various

colours may be placed.

Dancer has added to it a

method by which even

while the top is rotating

rapidly, and the sensa-

tion of a mixed colour is

strongly perceived, the eye may be able to see the simj)le

colours of which it is composed. This is done by placing on

the handle of the top, a short distance above the coloured

surfaces, a thin black disc, perforated by holes of various

size and pattern, and weighted a little on one side. This-

disc vibrates too and fro rapidly, breaks the continuity

of the colour-impressions, and thus the constituent colours

are readily seen.

All colours have three special characters : (1) tone, depend-

ing on the number of vibrations per second
; (2) intensit^y

2 p

Fig. 162.—Rotating
for mixing colours.

disc of Sir Isaac Newton
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depending on the extent or amplitude of the vibrations, and

passing from the most sombre to the most brilliant shades

;

and (3) saturation, which depends on the amount of white the

colour contains—thus it is saturated, when there is no white,

as in the pure colours of the spectrum, and there may be an

infinite number of degrees of saturation from the pure colour

to white.

a. The Theory of Colour Perception.

The theory generally accepted was first proposed by

Thomas Young, and afterwards revived by Helmholtz. It

is based on the assumption that three kinds of nerve fibres

•exist in the retina, the excitation of which give respectively

sensations of red, green, and violet. These may be regarded

as fundamental sensations. Homogeneous light excites all

three, but with different intensities according to tlie length

of the wave. Thus long waves will excite most strongly

fibres sensitive to red, medium waves those sensitive to

green, and short waves those sensitive to violet. Fig. 163

.shows graphically the irritability of the three sets of fibres.

Helmholtz thus applies the theory :

—

" 1. Eed excites strongly the fibres sensitive to red, and

feebly the other two— sensation, red.

2. Yellow excites moderately the fibres sensitive to red

and green, feebly the violet — sensation, yellow.

3. Green excites strongly the green, feebly the other two—
sensation, green.

4. Blue excites moderately the fibres sensitive to green

and violet, and feebly the red— sensation, blue.

5. Violet excites strongly the fibres sensitive to violet,

and feebly the other two— sensation, violet.

•6. When the excitation is nearly equal for the three kinds

of fibres, then the sensation is white.
^^
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This theory explains some of the phenomena of what is

called colour blindness or daltonisra. All individuals appear

to have some kind of colour-sensation ; in some, however,

there may be no sensation for particular colours. The most

common defect is insensibility to red (daltonism properly so

called). The spec-

trum to such an

^ye is deficient in

red, and the sensa-

tion corresponding

to all compound

colours containing

red, is that of the

complementary
colour only. Thus

white is bluish-

green, and intense

red appears green,

so that red poppies

in a green corn-

field do not appear

of a different hue

from the green by

which they are

surrounded. Ifwe
suppose in such cases an absence or paralysis of the red

fibres, the phenomena are accounted for. Blindness to

_green and violet are rare.

Young's theory also explains the appearance of the

consecutive coloured images already referred to in p. 591.

Suppose, for example, that we look at a red object for a

considerable time, the retinal elements sensitive to red

become fatigued. Then (1) if the eye be kept in darkness,

the fibres affected by red being fatigued, do not act so as to

11
1
11

Fig, 163.—Diagram sliowing the irritability of the
three kinds of retinal elements. 1 red, 2 green, 3 violet.

R Y G B V, initial letters of colours.
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give a sensation of red ; those of green and of violet have

been less excited, and this excitation is sufficient to give the

sensation of pale greenish blue
; (2) if the eye be fixed on a

white surface, the red fibres being fatigued, are not excited

by the red rays contained in the white light ; on the contrary,

the green and violet fibres are strongly excited, and the

consequence is that we have an intense complementary

image; (3) if* we look at a hluish green surface, the comple-

mentary of red, the efiect will be to excite still more strongly

the green and violet fibres, and consequently to have a still

more intense complementary image
; (4) if we regard a red

surface, the primitive colour, the red fibres are little afiected,

in consequence of being fatigued ; the green and violet fibres,

will be only feebly excited, and therefore only a very feeble

complementary image will be seen ; and, (5) if we look at a

surface of a different colour altogether, this colour may com-

bine with that of the consecutive image, and produce a

mixed colour, thus on a yellow surface we will see an image

of an orano-e colour.o^

b. Tlte Contrast of Colours.

If we look at a small white, grey, or black object on a

coloured ground, the object appears to have the colour

complementary to the ground. Thus, a circle of grey paper

on a red ground appears to be of a greenish-blue colour^

whilst on a blue ground it will appear pink. This effect is

heightened, if we place over the paper a thin sheet of tissue

paper ; but it disappears at once if we place a black ring or

border round the grey paper. Again, if we place two

complementary colours side by side, both appear to be

increased in intensity. Various theories have been advanced

to explain these facts. Helmholfcz is of opinion that the

phenomena consist more in modifications in judgment than
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ill modifications of sensation. Plateau, on the other hand,

attempts to explain them by the theory of consecutive

6. Movements of the Eye.

The globe of the eye has a centre of rotation which is not

exactly in the centre of the optic axis, but a little behind it.

On this centre it may move round axes of rotation, of which

there are three : an antero-posterior, a vertical, and a trans-

verse. In normal vision, the two eyes are always placed in

isuch a manner as to be fixed on one point, called the fixed

point, or the poiiit of regard. A line passing from the centre

•of rotation to the point of regard is called the line of regard.

The two lines of regard form an angle at the point of regard,

and the base is formed by a line passing from the one centre

of rotation to the other. A plane passing through both lines

of regard is called the ylane of regard. With these de-

finitions, we can now describe the movements of the eyeball,

which are of three kinds : (1) First Position. The head is

-erect, and the line of regard is directed towards the distant

horizon. (2) Second Position. This includes all the move-

ments round the transverse and horizontal axes. When the

€ye rotates round the first, the line of regard is displaced

iibove or below, and makes, with a line indicating its former

position, an angle, termed by Helmholtz the angle of vertical

displacement, or the ascensional angle ; and when it rotates

round the vertical axis, the line of regard is displaced from

side to side, forming, with the median plane of the eye, an

angle called the angle of lateral displacement. (3) Third

order of Positions. This includes all those which the globe

may assume in performing a rotatory movement, along with

lateral or vertical displacements. This movement of rotation

is measured by the angle which the plane of regard makes
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with the transverse plane, an angle termed the angle of

rotation or of torsion. Listing has formulated the following-

law regarding the rotations of the eyeball-: "When the line

of regard passes from its first position to any other position,

the angle of torsion in this second position is the same as if

the eye had come into this position in turning around a fixed

axis perpendicular to the first and to the second position of

the line of regard (HelmJioltz). The result of this is that the

axis of rotation of the eye is always in the frontal plane or

equator of the eye. These facts may be readily studied by

transfixing an orange with straight wires in the directions of

the different axes, and attaching coloured threads to represent

the lines of regard, &c.

The two eyes move together as a system, so that we
direct the two lines of regard to the same point in space.

The eyeball is moved by six muscles, for a description of

which reference is made to anatomical works. The following

table summarizes their actions (Beaunis)

:

—

Number of Muscles
in Activity.

One, ..

Two,

Three.

Direction of
Line of Regard.

Inwards, .

.

\ Outwards,

Upwards, . . .

.

Downwards,

Inwards and
Upwards, .

Inwards and
Downwards,

Outwards and
Upwards, ...

Outwards and
Downwards,

Muscles Acting.

Internal Rectus.
External Rectus,

\ Superior Rectus.

} Inferior Oblique,
( Inferior Rectus.

/ Superior Oblique,

Internal Rectus.
Superior Rectus.
Inferior Oblique.

{Internal Rectus.
Inferior Rectus.

^ Superior Oblique,

!

External Rectus.
Superior Rectus.
Inferior Oblique.

( External Rectus.
< Inferior Rectus,

( Superior Oblique,
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The term visual field is given to the area intercepted by

the extreme visual lines which pass through the centre of

the pupil, the amount of dilatation of which determines its

size. It follows the movements of the eye, and is displaced

with it. Each point in the visual field has a corresponding

point on the retina ^ but the portion, as already explained,

which secures our attention, is that falling on the yellow

spot.

7. Binocular Vision.

"When we look at an object with both eyes, its image falls

upon the two yellow spots, and it is seen as one object. If,

however, we displace one eyeball by pressing it with the

finger, then the image in the displaced eye does not fall on

the yellow spot, and we see two objects, one of them being

less distinct than the other. It is not necessary, however,

in order to see a single object with two eyes that the two

images fall on the two yellow spots; an object is always

single if its image fall on corresponding points in the two

eyes. Thus, in the experiment above described, after having

seen two images by displacing one eyeball, we may be able

again to see only one image by pressing on the other eyeball.

There are then corresponding points in the two retinae, so

that if they were superposed, the two yellow spots would

coincide ; the upper and lower parts of the left retina would

touch the upper and lower parts of the right retina ; the

nasal side of the left retina would correspond to the temporal

side of the right retina; and the reverse would also hold good.

Thus, in Fig. 164, an object at a'' or at V or at c" will be

seen singly by the two eyes A and b, as the images fall on

corresponding points in the retinae, namely, aa hh" and c c .

It will be observed that if the eye b were displaced, the

images would not fall on corresponding points, and conse-

quently two would be seen. The name horopter has been
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given to a line connecting those5^.,^.. ... V. ^v.....^w....j3 .^w^^ points in the visual field

which form their image on corresponding points of the retina.

" a straightThe older physiologists first gave this name to

line or plane passing through the point of convergence of the

axes of the eyes, or the point to which the eyes are directed,"

but Yieth and Miiller showed that it cannot be a straight

line or plane, but must have a circular form. Thus if the

points ah c in Fig. 164 correspond to the points a h' c, the

angles 4 and 1 in the one eye must correspond to the angles

4 and 1 in the other. Then a h being equal to a b\ the angle

1 in eye A equal to angle

1 in eye b, the angles Y
and V will be equal.

Since the angles 2 and 2

are equal, the angles 3

and 3 must also be equal.

In the same way, the

Fig. 164.—Diagram to illustrate theory of
corresponding retinal points.

angle 5 is equal to angle

3. For h G ^- U c, and

angle 4—-angle 4. Thus

the angles 3, 3, and 5 are

equal, and a' H' c" cannot

lie in a straight line, for it

is the property of a circle

only that triangles erected

on the same chord, and reaching the periphery, have at the

periphery equal angles (Mtiller's Physiology, vol. ii., p. 1195).

A line joining a!' h" c" is therefore the horopter, and its form

is illustrated by Fig. 165. It is therefore a circle, of which

the chord is formed by the distance between the points of

decussation of the rays of light in the eye. Its size is deter-

mined by the position of the two eyes, and the point towards

which their axes converge. Thus, if A in Fig. 164 were

nearer the eyes, the horopter would be the chord of a smaller
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circle. The form of the horopter in the tertiary positions

of the eyeball is extremely complicated.

All objects which are not found in the horopter, or, in

other words, do not form an image on corresponding points

of the retinae, are seen double. When the eyeballs are so

acted upon by their muscles as to secure images on non-

corresponding points, and consequently double vision, the

condition is termed strabismus, or squinting, of which there

are several varieties, treated of in works on ophthalmic

surgery.

It is important to

observe that in the fu-

sion of double images

we must assume not

only the correctness

of the theory of cor-

responding points of

the retina, but also

that there are corre-

sponding points in the

brain, at the central

ends of the optic fibres.

Such fusion of images

may occur without

consciousness; at all

events it is possible to imagine that the cerebral ejSect

(except as regards consciousness) would be the same when
a single object was placed before the two eyes, in the proper

position, whether the individual were conscious or not.

On the other hand, as we are habitually conscious of a

single image, there is a jDsychical tendency to fuse double

images when they are not too dissimilar.

Binocular vision may be illustrated by the following

experiment: Take two No. 3 eye-pieces of a Hartnack's

Fig. 1G5. • Diagram to illustrate the horopter.
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microscope, place one in front of each eye, direct them to a

clear window, in daylight, and two luminous fields will he

seen, one corresponding to each eye. Then converge the two

eye-pieces until the two luminous circles cross, and the

central part, like a bi-convex lens, will appear clear and

bright, while the outer segments will be much less intense,

and may appear even of a dim grey colour. Here, evidently,

the sensation is due to a fusion of impressions in the brain.

With a similar arrangement, blue light may be admitted by

the one eye-piece and red by the other, and on the con-

vergence of the two, a resultant colour, purple, will be

observed. This may be termed the binocular vision of

colours.

8. Psychical Eelatioxs of Vision.

Hitherto we have considered (1) the anatomical arrange-

ments of the eye
; (2) the nature of the stimulus acting on

it; (3) the optical arrangements by which the stimulus is

enabled to act directly on the retina
; (4) the specific action

of light on the retina; and (5) the mechanical arrangements

by which single vision with two eyes is secured. The sense

of vision, however, plays so important a part in our

psychical states, and bears so evident a relation to all our

movements, as to merit further attention.

a. Characters of Visual Perceptions.

All visual perceptions, if they last for a sufficient length

of time, appear to be external to ourselves, erect, localized in

a position in space, and more or less continuous.

1. Visual Sensations are referred to the Exterior.—This

iippears to be due, to a large extent, to habit. Those who
iiave been bom blind, on obtaining eyesight by an operation,

have imagined objects to be in close proximity to the eye^
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and tliey have not had the distinct sense of exteriority which

most individuals possess. Slowlv, and by a process of edu-

cation, in which the sense of touch played an important

part, they gained the knowledge of the external relations of

objects. Again, phosgenes, when first j)roduced, appear to

be in the eye ; but, when conscious of them, by an iinagin-

ative effort, we may transport them into space; yet they

never appear very far off.

2. Visual Sensations are referred to Erect Objects.—
Although the images of objects are inverted on the retina,

we see them erect. The explanation of the effect is, that we
are conscious not of the image on the retina, but of the

luminous object from which the rays proceed, and we refer

the sensation in the direction of these rays. Again, in

running the eye over an object, say a tall pole, from base to-

apex, we are not conscious of the different images on the

retina, but of the muscular movements necessary to bring

the parts successively on the yellow spot.

3. Visual Sensations are referred to a Position in Space.—
The localization of a luminous point in space can only be

determined by observing its relations to other luminous

points with a given position of the head and of the eye. For

example, in a perfectly dark room, if we look at a single

luminous point, we cannot fix its exact position in space,

but we may get some information, of a vague character, by

moving the head or the eye. If, however, a second luminous-

point appear in the darkness, we can tell whether it is-

nearer or farther distant, above or below, the first. So with

regard to other luminous points : we observe their reciprocal

relations, and thus we localize a number of visual im-

pressions.

4. Visual Sensations are Continuous.—Suppose the image

of a luminous line falls on the retina, it will appear as a line

although it is placed on perhaps 200 cones or rods, each of
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irvhich may be separately excited, so as to cause a distinct

sensation. Again, on the same principle, the impression of

^ superficial surface may be regarded as a kind of mosaic,

made up of individual portions corresponding to tbe rods or

cones on which the image of the surface falls. But in both

cases the sensation is continuous, so that we see a line or

Si surface. Tlie individual images are fused together.

b. Notions derived from Visual Perceptions.

When we look at any object, we judge of its size, the

direction of its surfaces (unless it be a point), its distance

from the eye^ its apparent movement or fixedness, and its

appearance of solidity.

1. Ai^parent Size.—This, so far as regards a comparatively

«mall object, depends on the size of the retinal image, as

<letermined b}' the visual angle. With a very large object,

there is an appi'eciation of size from the muscular sensations

derived from the movements of the eyeball, as we "range"

the eye over it. It is difficult to appreciate the distance

.sepai^ating two points between which there are other points, as

-contrasted with an apparently similar distance without inter-

mediate points. For example, the distance A to b appears

• e • • o •
A B

Fig. 1G6.— Illusions of size,

-to be greater than from b to c in Fig. 166, although the two

-distances are equal.
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2. Direction.—As the retina is a curved surface, a long

straight line, especially seen from a distance, appears curved.

In Fig. 167 a curious illusion of direction, first shown by

Zoellner, is depicted. If these lines be looked at somewhat

obliquely, say from one corner, they will appear to converge

or diverge, and the oblique lines, on each side of the vertical

lines, will appear not to be exactly opposite each other. But

the vertical lines are parallel, and the oblique lines are^

«
5 J
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5
^
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Fig. 1G7.—Zoellner's Figure, showing an illusion of direction.

continuous across them. The effect is evidently due to an

error of judgment, as it may be controlled by an intense

effort, when the lines will be seen as they really are.

3. Aj^parent Distance.—We judge of distance, as regards

large objects at a great distance from the eye, (1) from their

apparent size, which depends on the dimensions of the visual

angle; and (2) from the interposition of other objects
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between the eye and the distant object. Thus, at sea, we
<5annot form, without great experience, an accurate estimate

of how many miles we are off the coast, and all know
liow difficult it is to estimate accurately the width of a river.

But if objects be interposed between the eye and the distant

object, say a few vessels, at different distances, at sea, or a

boat in the river, then we have certain materials on which

-to form a judgment, the accuracy of which, however, even

with these aids, will depend on experience. When we look

at a near object, we judge of its distance chiefly by the sense

of effort put forth in bringing the two lines of regard (see

p. 697) to converge upon it.

4. The Movement of a Body.—If the eye be fixed, we

judge of movement by successive portions of the retina

being affected, and possibly also by a feeling of an absence of

muscular contractions necessary to move the eyeballs. When
the eye moves so as to *' follow" the object, there is a sense

of muscular effort, which is increased when, in addition, we

Tequire to move the head.

5. The Appare7it Solidity of an Object.—If we look at an

object, say a cube, first with the right eye and then with the

^ left, it will be found that the

two images of the object are

somewhat different, as in Fig.

168.

If, then, by means of a

stereoscope, or by holding a

card between the two eyes and

causing a slight convergence

of the eyes, the two images are brought upon corresponding

joints of the two retinse, the image will be at once seen

in relief.

Consult, regarding the eye, as the most important treatise, Optique

Physiologique, by Helmholtz, 1867; also Mackenzie on the Eye

Fig. 168.—Illustrating stereoscopic
\ision.
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and Vision, 1841. In the first-mentioned treatise, a fall list is

given at the end of each section of all the more important works of

reference regarding the eye up to its date.

F -SENSE OF HEARING.

1. Anatomical Coxditions.

The ear consists of an apparatus specially fitted for the

transmission of sonorous vibrations to the terminal apparatus

of the auditory nerve. Its description is found in any

anatomical work. From the physiological point of viev*^, its

various parts are shown in the following diagram (Fig.

Fig. 169.— Diajframmatic view of the auditorj^ ajiparatus (Beaunis).
A. external ear; B, middle ear; C, internal ear. 1, concha; 2, external
auditory passage; 3, tj'mpanura; 4, membrana tympani; 5, Eustachian
tube ; 6, mastoid cells ; 7, malleus ; 8, incus ; 9, stapes ; 10, fenestra
rotunda; 11, fenestra ovalis; 12, vestibule; 13, cochlea; 14, scala tym-
pani; 15, scala vestibuli; 16, semicircular canal.

It consists of the following parts: (1) the external ear,

formed of the concha, and external auditory canal; (2) the

middle ear, a cavity filled with air, communicating with the

back of the throat by the Eustachian tuhe, and separated
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from the external ear by the memhrana tymjxmi, the latter

being connected with the fenestra ovalis by a chain of bones,

namely, the inalleus, incus, and stapes; and (3) the internal

ear or labyrinth, a complicated structure filled with fluid,

and consisting of the vestibule, semicircular canals, and the

cochlea.

The essential part of the auditory apparatus is the internal

ear, or labyrinth. This is divided into three parts, as repre-

sented in Fig. 170. These are,

the three semicircular canals

on the one side, the cochlea

on tlie other, and the vestibule

between the two. The wall

of the latter is pierced by an

opening, the fenestra ovalis, d,

Fig. 170.—Diajjrammatic Aiew of the closed by a membrane, into
osseous labyrinth. See text. , . , . .

, i 1 1 v i>which IS inserted the base oi

the stapes. Seven openings comnMinicate with the vesti-

bule, viz., the fenestra ovalis, five orifices of the semicircular

canals, and an aperture communicating with the scala ves-

_ tibuli of the cochlea. The

vestibule contains masses of

crystals of calcareous matter

called otoliths. From its walls,

hair-like bodies project, which

arise from cells connected with

the extremities of the vesti-

bular division of the auditory

nerve.

The osseous labyrinth con-

tains a membranous structure, termed the membranous

labyrinth, seen in Fig. 171. This consists of two sacs

—

the utricle, u, communicating with the semicircular canals,

and the saccule, s, opening into c, the ductus cochlearis

Fio. 171.—Membranous labyrinth
See text.
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It will be observed that s and u communicate by a forked

canal which is said to be lodged in the'aqu^eductus vestibuli

of the temporal bone.

The semicircular canals ha\'e been termed the anterior

vertical^ a dilatation of which, termed the ampulla, is seen at

c; the postei'ior vertical, e; and the ho7'izontal, h (Fig. 170).

It w^ill be observed that the anterior and posterior vertical

open into the vestibule by a common tube, a.

The cochlea may be regarded as a tube, tapering towards

one extremity, twisted round

a central axis or columella.

This tube is divided into two

cavities by a spiral partition

formed of two parts, one

osseous, next the columella,

and the other membranous,

which completes the division,

as seen in Fig. 172, which

represents a section of the

osseous part of the cochlea.

In this figure, h is the colu-

mella or axis, round which

the spiral partition of bone,

a c, is twisted. From the

edge of the osseous partition
^^^ y^

(termed the lamina spiralis)

two membranes pass obliquely, so as to cut off a triangular

space, the scala intermedia. The position of this space, in

which exists the most important part of the terminal ap-

paratus of hearing, is indicated in the diagram, Fig. 173.

From the free edge of the osseous lamina spiralis, Ls, a

membrane, b, the basilar inembrane, passes transversely

across to a set of fibres, Lsp, sometimes called the ligament

of the lamina spiralis, or Bowman's muscle. A second mem-
2q

-Section of the cochlea.

See text.
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brane, Y, Eeissner's membrane, passes from Ls to the osseous

wall of the tube. The tube is thus divided into three parts,

riz., sccda vestibuli, Sv, communicating with the vestibule;

Fig. 173.—Diagram showing a section of the tube of the cochlea. See text.

scala tymixmi, St, communicating with the tympanum

through t\iQfenestra rotunda (see Fig. 169, 10); and between

the two a third space, Dc. The space between h and Y is

frequently spoken of as the cochlear canal, and on 5, the

Ficr. 174.—Corti's organ. A, profile view of two rods, i internal,
e external. B represents in position five complete arches resting on the
basilar membrane b. For further description see Quain's Anatomy,
vol. II., p. 657.

basilar membrane, we find the rods of Corti, forming a

sties of arches for the support of certain cells having hair-

like appendages, which latter are the true vibratory organs of
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Clearing. The general arrangement of the rods is seen in

Fig. 174. The rods support a number of modified epithelial

cells, termed hair cells, because they bear minute hair-like

structures. In man, there are five rows of such cells over

the external and one over the internal rods. It is difficult

to see these cells in the cochlea of mammals, but they may
be observed with greater facility in birds, where they rest

directly on the basilar membrane, no arches of Corti being

present. In Fig. 175 hair-cells, d, are seen as found in the

L

Fig. 175.—Portion of cochlea of pigeou, showing hair cells. See text.

{Paul Meyer.)

cochlea of a pigeon. It will be observed that they are con-

nected by delicate filaments with nucleated cells, b; also

with such a multipolar nerve-cell as c; and that they rest on

.a basilar membrane, a.

2. Physical Causes of Sound.

Sonorous vibrations consist of the regular to-and-fro

xaovements or oscillations of any elastic body. When such

vibrations are communicated to the ear with sufficient

rapidity and intensity, the result is an auditory sensation

<3alled a sound. Sound is usually conveyed to the ear by the

air, but it may also be conveyed through solids and liquids.

The movements of a sounding body, say a tuning-fork, may
be shown graphically by recording them on a surface (Fig.
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2, p. 88). The to-aiid-fro movements of the molecules of

any elastic body constitute a vibration or oscillation. Dif-

ferent points of a medium traversed by a vibratory move-

ment pass successively through the same phases, and in

applying the term ivave, it is important not to confound it

with the vibrations of the individual molecules. The term

^^ wave-length^^ is the distance which separates two points of

a A'ibrating body, found at the same instant in the same

phase. The vrave-length is constant for a given number of

vibrations in a second in the same medium, and it is propor-

tional to the duration of the vibration, and in the inverse

ratio to its rapidity.

Sounds may be classified into noises and musical tones.

A noise is a sensation produced by non-j)eriodic motions

against the ear, or by a number of musical tones clashing

together, so as to cause dissonance, as when we bring the

palm of the hand down at random on the key-board of a

piano.

A tone is produced by a periodic movement of the air or

of the sounding body. Its production is well illustrated by

the double syren of Helmholtz, shown in Fig. 176. It

consists of two brass boxes, % ^h^ communicating Avith a

powerful bellows by the tubes ^^ and g^. The lids of these

boxes are perforated by a number of holes. Adjusted to the

lids, there are two perforated brass discs, moving on a

common spindle, k. The holes in the lower disc are seen

over the lower box in the figure, but not in the upper.

These holes pass through the lid of the box and through

the discs obliquely in opposite directions, so that when air is

forced l^y the bellows out of the boxes, the discs are driven

round. As the discs revolve, when the holes in the disc and

in the lid of the box coincide, the air escapes; the disc is

driven onwards, thus bringing its unperforated parts over

the holes, so that the air cannot escape. " Hence the con-
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tinuous stream of aii- from the bellows is converted into a

series of discontinuous puffs, wliicli, when they follow one

FiQ. 176.—Double syren of Helmholtz. See text.
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another with sufficient rapidity, gather themselves into a

tone. Thus it can be shown that a tone depends on a

regular series of equal impulses reaching the ear, or on

a periodic movement of the air. By this instrument, also,

the relations of sounds, as expressed by intervals, can also be^

shown. In each disc there are four concentric rows of holes,

and by means of the stops marked i and i, any of these may
be opened. In the lower box, the stops are marked 8, 10,

12, 18, and in the upper, 9, 12, 15, and 16, indicating the

number of holes respectively. Suppose the row marked 16

is opened, at first a series of puffs are heard, but these soon

fuse together in consciousness, so as to cause the sensation of

a pure tone. When the puffs come at the rate of about

thirty per second, a tone is heard. Again, we can use any

one of the eight series of holes, or combine them as we wish.

Suppose we open the row of holes marked 8 and the row

marked 16, then we have two sounds produced in the-

relation of an octave.

3. Arrangements for Transmission of Yibrations to

THE Terminal Organ. ^

Hearing is a special sensation, the cause of which is an

excitation of the auditory nerves by the vibrations of son-

orous bodies.

a. Transmission in External Ear.

The external ear consists of the pinna or auricle, and the^

external auditory meatus or canal, at the bottom of which

we find the memhrana tynipani or drum head. In many

* The account of the physiology of hearing here given was written*

by the author for the Encyclopaedia Britannica, 9th edition, article

"Ear," and is here reproduced with few alterations by the kind

consent of the pubHshers, Messrs. A. & C. Black.
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animals the auricle is trumpet-shaped, and, being freely

moveable by muscles, serves to collect sonorous waves

coming from various directions. The auricle of the human
ear presents many irregularities of surface. If these be

abolished by filling them up with a soft material such as

wax or oil, leaving the entrance to the canal free, experi-

ment shows that the intensity of sounds is weakened, and

that there is more difficulty in judging of their direction.

When waves strike the auricle, they are partly reflected

outwards, whilst the remainder, impinging at various angles,

undergo a number of reflections, so as to be directed into

the auditory canal. Vibrations are transmitted along the

auditory canal, partly by the air it contains, and partly b}^

its walls, to the membrana tympani. The absence of the

auricle, as the result of accident or intentional injury, has not

caused diminution of hearing. In the auditory canal, waves

of sound are reflected from side to side, until they reach the

membrana tympani. From the obliquity in position and

peculiar curvature of this membrane, most of the waves

must strike it nearly perj^endicularly, that is, in the most

advantageous direction.

b. Transmission in Middle Ear.

The middle ear is a small cavity, the walls of which are

rigid, with the exception of the portions consisting of the

membrana tympani and the membrane of the round window

{fenestra rotunda), and of the apparatus filling the oval

window (fenestra ovalis). This cavity communicates with

the pharynx by the Eustachian tube, which forms a kind of

air-tube between the pharynx and the tympanum, for the

purpose of regulating pressure on the membrana tympani.

It is generally supposed that during rest the tube is open,

and that it is closed during the act of deglutition. As this

action is frequently taking place, not only when food or
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drink is introduced, but when saliva is swallowed, it is

evident that the pressure of the air in the tympanum will

be kept in a state of equilibrium with that of the external

air, exerted on the outer surface of the membrana tympani,

and that thus the latter will be rendered independent of

variations of atmospheric pressure, such as may occur within

certain limits, as when we descend the shaft of a mine or

ascend a high mountain. By a forcible expiration, the oral

and nasal cavities being closed, air may be driven into the

tympanum, while a forcible inspiration {Valsalva's experi-

ment) will draw air from that cavity. In the first case, the

membrana tympani will bulge outwards ; in the second case,

inwards; and in both, from excessive stretching of the mem-

brane, there will be partial deafness, especially for sounds

of high pitch. Permanent occlusion of the tube is one of

the most common causes of deafness.

The membrana tympani is capable of being set into vibra-

tion by a sound of any pitch included in the range of per-

ceptible sounds. It responds oxactl}^, as to number of vibra-

tions (pitch), intensity of vibrations (loudness), and com-

plexity of vibration (quality or timbre). Consequently we

can hear a sound of any given pitch, of a certain intensity,

and in its own specific timbre or quality. Generally speak-

ing, very high tones are heard more easily than low tones of

the same intensity. As the membrana tympani is not only

fixed by its margin to a ring« or tube of bone, but is also

adherent to the handle of the malleus, which follows its

movements, its vibrations meet with considerable resistance.

This diminishes the intensity of its vibrations, and prevents

also the continued vibration of the membrana after an

external vibration has ceased, so that a sound is not heard

much longer than the moment when the exciting cause

ceases. The tension of the membrane may be affected (1)

by differences of pressure on the two surfaces of the mem-
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brana tympani, as may occur during forcible expiration, or

inspiration, or in a pathological condition; and (2) by

muscular action due to contraction of the tensor tympani

muscle. This small muscle arises from the apex of the

petrous temporal and the cartilage of the Eustachian tube,

enters the tympanum at its anterior wall, and is inserted

into the malleus near its root. The handle of the malleus is

inserted between the layers of the niembrana tympani, and

as the malleus and incus move round an axis, as seen in

Fig. 177, passing through the neck of the malleus, from

before backwards, the

action of the muscle is

to pull the membrana

tympani inwards to-

wards the tympanic

cavity, in the form of

a cone, the meridians

of which, according to

Helmholtz, are not

straight but curved,

with convexity out-

wards. When the

muscle contracts, the

handle of the malleus

is drawn still farther

inwards, and thus a

greater tension of the movement.

tympanic membrane is produced. On relaxation of the

muscle, the membrane returns to its position of equili-

brium, b}^ its own elasticity, and by the elasticity of

the chain of bones. Tliis power of varying the tension of

the membrane is a kind of accommodating mechanism for

receiving and transmitting sounds of different pitch. With
diflferent degrees of tension, it will respond more readily to

Fig. 177.—Diagram showing the axis of rotation

of the bones of the ear. ?«., malleus ; e, incus

;

a, short process of incus, abutting against tj'-m-

panic wall; r, long process of incus, bearing the
stapes ; p, handle of the malleus ; a b, axis of
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sounds of one pitch than to sounds of another. Thus, when

the membrane is tense, it will readily respond to high

sounds, while relaxation will be the condition most adapted

for low sounds. In addition, increased tension of the

membrane, by increasing the resistance, will diminish the

intensity of vibrations. This is especially the case for

sounds of low pitch. TIelmholtz has also pointed out that

the peculiar form of the membrana tympani in man has the

effect of increasing the force of its vibrations at the expense

of tlieir amplitude.

The vibrations of the membrana tympani are transmitted

to the internal ear partly by the air which the middle ear,

or tympanum, contains, and partly by the chain of bones

consisting of the malleus, incus, and stapes. Of these, trans-

mission by the chain of bones is by far the most important.

In birds and in the scaly amphibia, tliis chain is represented

by a single rod-like ossicle, the columella; but in man the

two membranes, membrana tympani and the membrane of

the fenestra ovalis, are connected by a compound lever,

consisting of three bones, namely, the malleus or hammer,

inserted into the membrana tympani ; the incus or anvil

;

and the stapes or stirrup, the base of which fits into the oval

window. The lever thus formed has its fulcrum at the

short process of the incus, which abuts against the tympanic

wall ; the power is applied to the handle of the malleus, and

the resistance is at the base of the stirrup. Both by direct

experimental observation, and by calculation from data

supplied by measurement of the lengths of the arms of the

lever, Helmholtz has shown that, by this arrangement,

vibrations are diminished in extent in the ratio of 3 to 2,

but are inversely increased in force. Considering the great

resistance offered to excursions of the stapes, and the small

dimensions of the internal ear, such an arrangement must be

advantageous. It must also be noted that in the transmis-



THE INTERNAL EAR. 619^

sion of vibrations of tlie membrana tympani to the fluid in

the labyrinth or internal ear through the oval window, the

chain of ossicles vibrates as a whole and acts efficiently,

although its length is only a small fraction of the wave-

length of the sound transmitted. The mechanical arrange-

ments of the ossicles may be readily studied with the aid of

the model devised by Helmholtz, shown in Fig. 178.

Fig. 178.—Alodel of the mechanical arrangements of the bones of the
ear. External view to the left, internal to the right, e, in left-hand
figure, outer surface of drum head, made of leather; p, cap, having
india-rubber edge fitting over c, so that by compression, e may be
caused to move, a, in right-hand figure, incus, showing its short
process attached to tympanic wall, and its longer process, bearing the
stapes; &, malleus; d, piece of wood bearing a wire^ attached to oval
window.

c. Transmission in the Internal Ear.

The internal ear is composed of the labyrinth formed of

the vestibule or central part, the semicircular canals, and the

cochlea, each of which consists of an osseous and of a mem-
branous portion. The osseous labyrinth may be regarded as

an osseous mould in the petrous portion of the temporal

bone, lined by tesselated endothelium, and containing a

small quantity of fluid called the inrilymjph. In the mould,

partially surrounded by, and to some extent floating in, this

fluid, there is the membranous labyrinth, in certain parts of
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Avhich we find the terminal apparatus in connection with the

auditory nerve, immersed in another fluid, called the endo-

lymph. The membranous labyrinth consists of a vestibular

portion, formed by two small sac-like dilations (see Fig. 171),

called the saccule and the utricle, the latter of which com-

municates with the semicircular canals by five openings.

Each canal consists of a tube, bulging out at each extremity,

so as to form the so-called ampulla, in which, on a projecting

ridge, called the crista acoustica, there are cells bearing, or

developed into, long auditory hairs, which are to be regarded

as the peripheral end-organs of the vestibular branches of

the auditory nerve. The cochlear division of the mem-

branous labyrinth consists of the ductus cochlearis, a tube of

triangular form, fitting in between the two cavities in the

cochlea, the one called scala vestibuli, because it commences

in the vestibule; and the other, scala tympani, as it ends

in the tympanum at the round window. These two scalae

communicate at the apex of the cochlea. The roof of the

ductus cochlearis is formed by a thin membrane, called the

membrane of Reissner, while its floor consists of the basilar

membrane, on which we find the organ of Corti (see Figs.

169 and 173), which constitutes the terminal organ of the

cochlear division of the auditory nerve.

Sonorous vibrations may reach the fluid in the labyrinth

by three difierent ways : (1) by the osseous walls of the

labyrinth; (2) by the air in the tympanum acting on the

round window ; and (3) by the base of the stapes inserted

into the oval window.

When the head is plunged into water, or brought into

direct contact with any vibrating body, vibrations are trans-

mitted directly. Vibrations of the air in the mouth and in

the nasal passages are also directly communicated to the

walls of the cranium, and thus pass to the labyrinth. In

like manner, we may experience peculiar auditive sensations,
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siicli as blowing, rubbing, and hissing sounds, due to

muscular contraction or to the passage of blood in vessels

close to the auditory organ. It has not been satisfactorily

made out to what extent, if an}^, vibrations may be com-

municated to the fluid in the labyrinth by the round

window. There can be no doubt, however, that in ordinaiy

hearing vibrations are communicated chiefly by the chain of

bones. When the base of the stirrup is pushed into the

oval window, the pressure in the labyrinth increases, the

impulse passes along the scala vestibuli to the scala tympani,

and as the only mobile part of the wall of the labyrinth is

the membrane covering the round window, this membrane

is forced outwards; when the base of the stirrup passes

outwards, a reverse action takes place. Thus the fluid of

the labyrinth may receive a series of ]3ulses or vibrations

isochronous with the movements of the base of the stirrup,

and these pulses afiect the terminal apj^aratus ill connection

with the auditory nerve.

Since the size of the membranous labyrinth is small,

measuring in man not more than y^th of an inch in

diameter at its widest part, and since it is a chamber

consisting partly of conduits of irregular form, it is impos-

sible at present to state precisely the course of vibrations

transmitted to it by impulses communicated from the

base of the stirrup. In the cochlea, vibrations must pass

from the saccule along the scala vestibuli to the apex, thus

afi'ecting the membrane of Reissner, which forms its roof;

then, passing through the opening at the apex (the helico-

trema), they must descend by the scala tympani to the

round window, and aflfect in their passage the membrana

basilaris, on which, as already stated, the organ of Corti is

situated. From the round window, impulses may be re-

flected backwards, but how they afiect the advancing im-

pulses is not known. The problem is even more comi^lex



<C22 INNERVATION.

when we take into account the fact that impulses are trans-

mitted simultaneously to the utricle and to the semicircular

-canals. The mode of action of these impulses upon the

nervous terminations is unknown; but to appreciate criti-

cally the hypothesis which has been advanced to explain it,

it is necessary, in the first place, to refer to some of the

general characters of auditory sensation.

4. Physiological Characters of Auditory

Sensations.

Certain conditions are necessary for excitation of the

auditory nerve sufficient to produce a sensation. In the

first place, the vibrations must have a certain amplitude:

if too feeble, no impression will be produced. The minimum
limit has been stated to be the sensation caused by the

falling of a ball of pith, 1 milligramme in weight, upon

a smooth surface, such as glass, from a height of 1 millimetre

at a distance of 9 1 millimetres from the ear.

In the next place, an impulse must have a certain

duration.

Lastly, as already stated, a certain number of impulses

must be made in a given interval of time to excite a sensa-

tion of a musical tone. By the syren, it may be shown that

the lower limit is marked by about 30 vibrations per second.

It has been ascertained by various methods that the upper

limit is somewhere about 30,000 vibrations per second.

Eeyond this limit, few ears can detect any sound, and none

range beyond 35,000 per second. ^

Thus, a sound may or may not be loud, or it may appear

to be higher or lower as regards pitch ; but, in addition, it

^ Konig has constructed a series of steel cylinders slung on a

wooden framework, by which, when they are struck so as to elicit

sound, the upper limits of sensibility to pitch may be tested.
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may Iiave a certain quality, timbre, or klang, or tlie peculiar

characteristic of a musical sound by which we identify it as

proceeding from a particular instrument or from a particular

human voice. Intensity^ as may be proved optically, de-

pends upon a greater or lesser amplitude of the vibration.

Consequently there will be a corresponding amount of exci-

tation of the terminal apparatus. Thus, a feeble sound will

cause a smaller excursion of vibratory hairs than a loud

sound. Pitch, as a sensation, dejiends on the number of

vibrations in a given interval of time, or, in other words, on

the length of time occupied by a single vibration. It may
be absolute or relative. Most individuals can determine

the relative pitch of a sound by referring it to the pitch of

another sound which they have just heard. By the few

who are distinguished in the possession of what may be

termed the memory of sounds, a correct estimation of pitch

may be given ; but no experiments prove that any individual

can at once detect absolute pitch. An experiment with the

syren shows that variations in pitch glide into each other by

insensible gradations ; but it is not easy to state the capa-

bilities of the human mind as regards small differences of

pitch. It has been stated that practised musicians may
detect the -^^ of a semitone, but this is far beyond average

attainment. In musical composition, the sounds range from

about 40 to 4000 vibrations per second, that is, a range of

about six octaves.

The third peculiarity of musical tone is quality, timbre, or

^^hlang," by which we identify it as proceeding from a par-

ticular instrument or from a particular human voice. This

appears to depend physically on what is called the form of

the wave. Many waves of sound that reach the ear are

compound waves, built up of constituent waves, so that the

v/ave has a special form. This may be illustrated by Eig.

179, which shows by the continuous line the form of the
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Avave resulting from tlie combination of the two waves

represented by clotted lines. The same fact is still further

Fig. 179.—Form of wave produced by combininjj two simple waves.

illustrated by the following diagrams given by Helmholtz,

rio-. 180.

Fig. ISO,—Various forms of wave curves. See text.

A and B represent waves of simple tones, b having twice

the number of vibrations of A, or, in other words, an octave

higher in pitch. By superimposing B on a, the curves c and

D are produced. The dotted curves in c and d are represent
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tations of a. In c, the point e in b coincides with do in a
;

but in D, the deepest point, h^ in b, is placed under the

commencement of a. Thus, by starting b at difierent points,

with reference to A, different wave-forms are produced.

Each of these constituent waves, however, may so affect

the organ of hearing as to be perceived

as individual sounds, more especially with

the aid of an instrument called a resonator,

shown in Fig. 181.

This consists essentially of a brass

globe, having two openings, the nar-
p^,. ^sL-Resonator

rower of which is placed in the external ofHeimhoitz.

ear. Each resonator contains a mass of air which responds

sympathetically to a particular tone. By using a number of

such resonators, a compound tone may be analysed into its

constituents, the action of an individual resonator being to

strengthen the intensity of the tone to which it corresponds.

Even without the aid of resonators, a sensitive ear may
detect in the tone of a piano or harmonium some of its con-

stituent tones. Thus it appears that the ear must have some

arrangement by which it resolves any wave-system, however

complex, into simple pendular vibrations. When we listen

to a sound of any quality, we recognize that it is of a certain

pitch. This depends on the number of vibrations of one

tone, predominant in intensity over the others, called the

fundamental, or first partial tone. Quality depends on the

number and intensity of other tones, called partials, or har-

monics, added to it. The relation of these to the first tone

is very simple, their vibrational numbers being multiples of

that of the fundamental tone, thus :

—

^''"ToS'e!"^''^
Upper Partials or Harmonics.

Notes, . . doi do- soP do^ mi^ soP si{j^ do'^ re^ mi*
Partial tones, 123456789 10

Number of

vibrations.
33 66 99 132 165 198 231 264 297 33a

2 R
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The relations of these tones, physically and physiologically.

may be conveniently studied with the aid of tuning forks,

such as is shown in Fig. 182. By combining the sounds,

of a series of such forks, the vibrational numbers of which

are multiples of the first, various qualities of tone may be

produced, and the efi'ect of increased intensity of one tone

over the others may
also be illustrated.

Thus, quality of

tone may be studied

synthetically. As al-

ready stated, com-

pound tones may be

analysed by means

of resonators apj)lied

to the ear ; but the

same may be done

optically with the aid

of apparatus devised

by Dr. Konig of

Paris. The principle

readilv understood with the aid

Fig. 182.—Tuning-fork mounted on resonance box,
for increasing intensity of tone. The best tuning
forks for tlie purpose are made bj Konig.

of his method Avill be

of Fig. 183.

A small wooden capsule, the base of which is formed of

thin india-rubber membrane, is screwed over a circular hole

in the side of an organ pipe. By means of tubes, ordinary

gas is led into and from the capsule, and the tube leading

from it is connected with a small gas burner. Thus the air

in the organ pipe is separated from the gas by the thin mem-

brane, so that the latter responds to every movement of the

air, and consequently afiects the pressure of the gas in the

capsule. When such a pipe is sounded, the flame appears

"unsteady and of a pale blue colour, and if we then rotate a

rectangular mirror, as suggested by Wheatstone, in front of
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the flame, a picture of the movements of the air in the i^ij^es
is seen on the mirror, such as is represented in Fio-s 184
and 185.

If two organ pipes of the same pitch are employed, the
teeth of the flame picture will be equal in number; but by
usmg pipes giving the various intervals of the scale, the

Fig. 183.—Konig's apparatus for studying opticallj^ tlie vibrations of
the air in organ pipes. See text.

relations of these intervals may be showji optically. Thus, by
combining a tone with its octave, the flame-picture shown in
Fig. 185 will be produced.

Taking advantage of this method of what he terms mano-
metric flames, Konig has devised an ingenious apparatus,

shown in Fig. 186, by which any compound tone, whose
fundamental tone is UTg = 256 vibrations per second, may be
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analysed. Ko apparatus with which the author is ac-

quainted shows to the student more clearly the physical

conditions upon which quality depends. It consists of a

series of resonators, each connected with its special flame,

mounted on a cast-iron framework, the flames being reflected

by an elongated rectangular mirror.

Fig. 184.—Appearance of the flame in the mirror of Konig's appar-

atus. 1, organ pipe not sounding ; 2, organ pipe sounding,—the teeth
representing individual vibrations of the air in the pipe.

On sounding any of the tuning forks in the harmonic series

of UT2 in front of this instrument, at the same time rotating

the mirror, a special flame is aflected, and appears segmented

Fig, 185.—Flame-picture of two organ pipes sounding an octave. It

will be observed that the teeth are in the ratio of 2:1. The erect
figures to the left are reflections from a small stationary mirror, for

purposes of comparison.

as represented in Fig. 185; and on producing any compound

tone, the fundamental of which is UTg, or which contains any

harmonics of this series, it is at once analysed optically by the

segmentation of the individual flames; also, on singing loudly
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in front of tlie instrument, the tones of the human voice

may be analysed.

When a simple tone, or one free from partials, is heard, it

gives rise to a soft, somewhat insipid, sensation as may be

Fig. 186.—Konig's apparatus for the analysis of a compound tone,
the fundamental of which is ur 2.

obtained by blowing across the mouth of an open bottle, or

by a tuning fork. The lower partials added to the funda-

mental -tone give softness combined with richness; while
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the higher, especially if they te very high, produce a brilliant

and thrilling efFecb, as is caused by the brass instruments of

an orchestra. Such being the facts, how may they be

explained physiologically'?

5. Physiological Arrangements for the Appreciation

OP Quality of Tone,

Little is known regarding the mode of action of the

vibrations of the fluid in the labyrinth upon the terminal

apparatus connected with the auditory nerve. There can be

no doubt that it is a mechanical action, a true communication

of impulses to delicate hair-like processes, by the movements

of which the nervous filaments are irritated. In the human
ear it has been estimated that there are about 3,000 small

arches formed by the Rods of Corti. Each arch rests on the

basilar membrane (see Fig. 174), and supports rows of cells,

having minute hair-like processes, somewhat resembling

cilia. It would appear also that the filaments of the auditory

nerve terminate in the basilar membrane, and possibly they

may be connected with the hair cells. At one time it was

supposed by Helmholtz that these fibres of Corti were elastic,

and that they were tuned for particular tones, so as to form

a regular series corresponding to all the tones audible to the

human ear. Thus, 2,800 fibres distributed over the tones of

seven octaves, would give 400 fibres for each octave, or

nearly 33 for a semitone. Helmholtz has put forward the

ingenious hypothesis that when a pendular vibration reaches

the ear, it excites by sympathetic vibration the fibre of Corti,

which is tuned for its proper number of vibrations. If,

then, difierent fibres are tuned to tones of different pitch, it

is evident that we have here a mechanism which, by exciting

different nerve fibres, will give rise to sensations of pitch.

^yhen the vibration is not simple but compound, in conse-
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quence of the blending of vibrations, corresponding to various

harmonics or partial tones, the ear has the power of resolving

this compound vibration into its elements. It can only do

so by different fibres responding to the different vibrations

of the sound, one for the fundamental tone being stronger,

and giving the sensation of a particular pitch or height to

the sound ; and the others, corresponding to the ujDper partial

tones, being weaker and causing special though undefined

sensations, which are so blended together in consciousness as

to terminate in a complex sensation, or a tone of a certain

quality or timbre. It would appear iit first sight that 33

fibres of Corti for a semitone are not sufiicient to enable us

to detect all the gradations of pitch in that interval ; since, as

has been stated above, trained musicians may distinguish a

difference of g^ of a semitone. To meet this difficulty,

Helmholtz states that if a sound be produced, the pitch of

which may be supposed to come between two adjacent fibres

of Corti, both of these will be set into sympathetic vibration,

but the one which comes nearest to the pitch of the sound

will vibrate with greater intensity than the other, and that

consequently the pitch of that sound would be thus a^v

precia-ted. These theoretical views of Helmholtz have

derived much support from remarkable experiments by

Hensen, who observed that minute hairs on the antennae of

Jlysis, a Crustacean, when observed with a low microscopic

power, vibrated with certain tones produced by a keyed

horn. It was seen that certain tones of the horn set some

hairs into strong vibration and other tones other hairs.

Each hair responded also to several tones of the horn. Thus

one hair answered strongly to cZJf and c^Jp, more weakly to

</ and very weakly to G. It was probably tuned to some

pitch between df' and d"
Jf.

Kecent histological researches have led to a modification

of this hypothesis. It has been found that the rods or
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arclies of Corti are stiff structures, not adapted for vibrating^

but apparently forming a kind of support for the hair cells.

It is also shown that there are no rods of Corti in the cochlea

of birds, which apparently are capable nevertheless of ap-

preciating pitch. Hensen and Helmholtz have now suggested

the view that not only may the segments of the membrana

basilaris be stretched more in the radial than in the

longitudinal direction, but different segments may be

stretched radially with different degrees of tension, so as to

resemble a series of tense strings of gradually increasing

length. Each string would then respond to a vibration of a

particular pitch communicated to it by the hair cells. The

exact mechanism of the hair cells and of the memhrana

reticularis, which suggests the idea of a damping apj)aratus,

is unknown.

6. Psychical Characters of Auditory Sensations.

Under ordinary circumstances, auditory sensations are

referred to the outer world. When we hear a sound, we
associate it with some external cause, and it appears to

originate in a particular place, or to come in a particular

direction. This feeling of exteriority of sound seems to

require transmission through the membrana tympani.

Sounds which are sent through the walls of the cranium, as

when the head is immersed in, and the external auditory

canals are filled with, water, appear to originate in the body

itself. It is probable, however, that the external character

of ordinary auditory sensations may be more the result of

habit than due to any anatomical peculiarity of the ear

itself.

An auditory sensation lasts a short time after the cessation

of the exciting cause, so that a number of separate vibrations,

each capable of excitmg a distinct sensation if heard alone^
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may succeed eacli other so rapidly tliat tliey are fused into a

single sensation. If we listen to the puffs of a syren, or to

vibrating tongues of low pitch, the single sensation is usualty

jn'oduced by about 30 or 35 vibrations per second ; but there

can be no doubt, as was first pointed out by Helmholtz, that

when we listen to heats of considerable intensity, produced

by two adjacent tones of sufficiently high pitch, the ear may
follow as many as 132 intermissions per second.

The sensibility of the ear for sounds of different pitch is

not the same. It is more sensitive for acute than for grave

sounds, and it is probable that the maximum degree of acute-

ness is for sounds produced by about 3,000 vibrations per

second, that is near fa'^Jf. Sensibility as to pitch varies

much with the individual and with the training to which he

has subjected himself. The power of apj)reciating differences

of pitch is termed a correct or just ear, and there can be no

doubt of its improvement by cultivation.

7. Binaural Audition,

Hearing with two ears does not appear materially to

influence auditive sensation, but probably the two organs are

fitted for aiding us in determining the locality from whence

a sound originates. It is asserted by Fechner that one ear

perceives the same tone at a slightly higher pitch than the

other, but this may probably be due to a pathological con-

dition. If two tones, excited by two tuning forks of equal

pitch, are j)roduced one near each ear, there is a uniform

single sensation ; if one of the tuning forks be then made to

revolve round its axis in such a way that its tone increases^

and diminishes in intensity, neither fork is heard con-

tinuously, but both sound alternately, the fixed one being

audible only when the revolving one is not. It is difficult

to decide whether excitations of corresponding elements in.
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tlie two ears can be distinguished from each other. It is

probable that the sensations may be distinguished, if one of

the generating tones differ from the other in intensity or

quality, although it may be the same in pitch. As has been

shown by Silvanus P. Thompson, beats, due to interference,

may be produced in the head by acting on the two ears

directly by two tones of nearly the same joitch.

8. Musical Sensations.

Hitherto we have considered only the action of a single

sound, but it is possible also to have simultaneous sensations,

as in musical harmony and composition. It is impossible to

ascertain w^hat is the limit beyond which distinct auditory

sensations may be perceived. When we listen to an orches-

tra, there is a multiplicity of sensations, and a total effect,

but at the same time, we can single out and attentively

notice the tones of one or two special instruments. Thus,

the pleasure of music may arise partly from listening to

simultaneous, and partly from the effect of contrast or sug-

gestion in passing through successive, auditory sensations.

The principles of harmony belong to the department of

music, but it is necessary to refer briefly to a few of these,

from the physiological point of view. If two musical tones

reach the ear at the same moment, an agreeable or disagree-

able sensation is experienced, which may be termed a concord

or a discord. It may be shown by the syren (in Fig. 176)

that consonance and dissonance depend upon the ratio of

the vibrational numbers of the two tones. The octave (1:2)

the twelfth (1 : 3), and double octave (1 : 4), are absolutely

consonant sounds ; the fifth (2 : 3), is said to be perfectly

consonant; then follow in the direction of dissonance, the

fourth (3 : 4), major sixth (3 : 5), major third (4 : 5), minor

sixth (5 : 8), and minor third (5 : 6). Helmholtz has at-
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tempted to account for this effect, more especially as regards

compound tones, by the influence of heats.

Beats are observed when two tones of nearly the same

pitch are produced together, and the number of beats per

second is equal to the difference of the vibrational numbers

of the two tones. They give rise to a peculiarly disagreeable

intermittent sensation, comparable to what is experienced on

watching a flickering light, an effect probably due to inter-

mittent stimulation of the auditory nerve. Beats may be

so rapid as not to be distinguished individually, but their

existence gives a certain roughness to the tone. According

to Helmholtz, the maximum roughness is attained by 33

beats per second. Above 132 per second, they are inaudible.

When two notes are sounded, say on a piano, not only may
the lirst, fundamental, or prime tones beat, but partial tones

of each primary may beat also. Thus there may be a certain

roughness of tone. If the partial tones of the prime tones

coincide, there will be no beats ; but if they do not coincide,

the beats produced will give a peculiar character to the

sensational effect of the interval. Thus in the octave and

twelfth, all the partial tones of the acute sound coincide with

the partial tones of the grave sound ; in the fourth, major

sixth, and major third, only two pairs of partial tones coin-

cide j while in the minor sixth, minor third, and minor

seventh, only one pair coincide.

Consult regarding the anatomy of the organ of hearing, Qua in,

vol. II., p. 626; Stricker's Histology, vol. III., p. 1-200; Paul
Meyer, Etudes Histologiques sur le Labyrinthe Membraneux, Paris,

1876 ; regarding sound, Tyxdall, on Sound, 1867 ; Sedley Taylor,

on Sound and Music, 1873 ; Blaserna, The Theory of Sound in its

Eeiation to Music, 1876; Gavarret, Acoustique Biologique, Pheno-

menes Physiques de la Phonation et de I'Audition, 1877. For the

fullest details regarding physiological acoustics, the student is referred

to Helmholtz's great work. Sensations of Tone, translated by Alex.

Ellis, 1876.
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G.—THE MUSCULAR SENSE.

By the muscular sense is understood the sensation produced

by movements of muscles. This sensation may be either the

perception of a voluntary effort being put forth to perform

a certain movement, or it may be a feeling referred to

various groups of muscles which are at the time in a

state of movement. By means of it, we may gain in-

formation regarding the following points : (1) the energy

of contraction; (2) the extent of contraction, by which we

judge of precision of movement
; (3) the rapidity of contrac-

tion
; (4) the duration of contraction ; and (5) the position of

the members and of the body. The sense of direction of

movement is complex, being made up of notions furnished by

tactile, visual, and muscular sensations. By the muscular

sense, also, we have a feeling of stability or equilibrium, a

sensation which plays an important part in all movements.

A feeling of muscular resistance aids us in the movements

of locomotion, and in those adjustments of muscular effort

which have to be made in delicate manipulations. We are

aided by what may be termed a "guiding sensation." This

may be derived from visual impressions or from muscular

sensations, or from both combined. When the muscular

sense is paralysed, as in locomotor ataxia, the patient guides

his movements by looking at his feet, and when his attention

is diverted, by causing him to look at something else, his

gait becomes unsteady, or he may totter and fall.

It has not been decided whether or not there are special

sensory nerves distributed to muscles. To account for the

phenomena of the muscular sense, three theories have been

advanced : (1) That we judge of the state of the muscles by

the amount of effort necessary to cause a certain amount of

contraction, that is, we perceive the intention or volition

and not the phenomena following these
; (2) That what we
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term muscular sensations are due to the excitation of nerves

in the skin or membranes, serous or mucous, covering the

muscles; and (3) That there are special sensory nerves distri-

buted to the muscles which convey impressions directly to

the nerve centres. The latter view is the one most generally

adopted.

SLEEP, DREAMS, SOMNAMBULISM, ETC.

Like other organs, the brain manifests periodicity of

function, so that we have the two states of wakefulness and

sleep. The desire for sleep comes on at more or less regular

intervals, and is accompanied by many sensations which

scarcely even require enumeration : the heaviness of the

eyes—in other words, the muscular sensations referable to

the levator palpebrce superioris; the sensations referred to

the muscles of the throat which precede a yawn ; the heavi-

ness of the head and of the limbs; and the apparently

enfeebled effect of sensory impressions. Then ensues a more

or less unconscious state, which affects to a certain degree

all the other functions. Thus the pulse is slower, the

respiratory movements fewer in number and more profound,

the amount of carbonic acid eliminated is diminished, and

digestion goes on more slowly. This state continues for

several hours, or perhaps only for a few minutes; but

whether of long or short duration, the period of its access

and the period of its disappearance have the same psycho-

logical characters, namely, lessened acuteness to sensory

perception, a confusion of ideas, and a loss of mental control.

The physiological cause of sleep cannot at present be

stated. So far as one can judge from observations made

during sleep on the surface of the brain and on the retinal

expansion, there appears to be a state of cerebral aneemia,

that is, less blood is found in the vessels. No hypothesis at

l^resent advanced explains all the phenomena of sleep.
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Breams are indications of partial cerebral activity. During

profound sleep there are no dreams; they occur when

slumber is light, and consequently they are more apt to

happen during the time when the person passes from pro-

found sleep to wakefulness. In dreaming, the ideas are

under no control ; old sensations crowd upon the mind in

confusion and unconnected ; notions of time and space are

vague or entirely absent ; in our supposed actions, we are

guided by transient impulses, without definite moral notions,

so that when we awake there is a feeling of relief that it

was all a dream. If we watch a dreamer, he may be seen

to move his lips or even to utter soimds, or to toss his

arms to and fro—actions indicating the influence of his

partially-active cerebral centres. Here is the transitional

step from dreaming to somnambulism. In some persons,

the ideas of the dream become so intense and definite as to

result in movements of locomotion. The walking dreamer

then may perform very definite movements : he may be

regarded as acting his dream. In such circumstances, he

may be influenced by suggestions from without. By a word

whispered into his ear in the tones of a well-known voice,

if the suggestion coincide with the train of ideas in the

dream, the dreamer may be led to another line of conduct.

During sleep which is not profound, the current of the

dream may be afiected by many kinds of bodily states.

Those coming from the digestive organs may give rise to a

feeling of intense oppression, referred to the chest, and

usually associated with dreaming of a horrible character

—

a state known as nigJitma^re.

For many interesting details regarding Sleep, Dreaming, Som-

nambulism, Reverie, Mesmerism, &c., the student is referred to

Carpenter's Mental Physiology. A medical man ought to be

acquainted with what is known of the physiological explanation of

these states, so as to be able to dispel superstitious notions, which

will hold their ground until knowledge drives them away.
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MECHANISM OF THE VOICE.

The voice is produced by the vibrations of the vocal cords

of the larynx. Voice is to be distinguished from speech,

which is the production of sounds intended to express certain

ideas. Most animals have voice, but none have the power

of speech in the same sense as man possesses that faculty.

With the anatomical arrangements of the organ of voice, the

student is presumed to be familiar, and all that will be here

attempted is to indicate some of the physiological conditions

of voice and of speech.

A -TEE PRODUCTION OF SOUND IN THE LARYNX.

This may be studied in three Avays : (1) by the use of

artificial contrivances resembling the larynx ; (2) by experi-

ments made on the dead larynx ; and (3) by observations of

the movements of the living larynx, with the aid of the

laryngoscope.

1. Anatomical Arrangements,

Voice is produced essentially by the movements of two

membranous bands, the true vocal cords, between the free

edges of which the air is forcibly expelled, and the anato-

mical arrangements are adapted for tightening or relaxingy
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and separating or approximating, the vocal cords. For this

purpose, the larynx consists of a series of individual portions

moveable on each other by means of various muscles. These

^re : (1) the crico-thyroids^ by pulling the thyroid cartilage

downwards and forwards, tighten the true vocal cords;

(2) the thyro-arytenoids have the reverse effect; (3) the

lateral crico-arytenoids, by pulling forwards the outer angles

of the arytenoid cartilages, approximate the vocal cords;

(4) the '2}osterior crico-arytenoids, by pulling backwards the

outer angle of the arytenoid cartilages, separate the cords

from each other
; (5) the arytenoids also approximate the

cords; and (6) the aryteno-epiglottideans lower and approxi-

mate the arytenoid cartilages, and so pull the epiglottis

downwards as to constrict the upper aperture of the larynx.

2. Physical Conditions.

To excite the vibrations of the vocal cords, it is necessary

that the air be expelled from the lungs under a certain

pressure ; but no accurate estimate has been made of its

Fig. 187.—To the right, a simple artificial larynx is shown, consisting
of a piece of india-rubber tied firmly round the end of a tube. On
stretching the upper orifice with the hand and blowing through the
tube, sounds of various pitch may be produced. A more complicated
apparatus devised by Mliller, is shown to the left, c, a ring of metal,
representing the cricoid cartilage ; t, a moveable piece of brass, repre-
senting the thyroid. The cords, or margins of the india-rubber mem-
brane may be rendered more or less tense by weights.

amount. Feeble phonation may also be produced by inspir-

ation. The intensity of the voice will be determined by the
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amount of pressure. The pitch of the tone wiii be deter-

mined by the numher of vibrations of the cords in a given

time, a condition depending on the degree of tension of the

cords and the width of the aperture between them. To

produce tones of high pitch, the edges of the cords are

approximated, and they become more tense : the reverse is

the case for tones of low pitch< Tiiese conditions may be

readily studied by means of an artiicial larynx, such as is

shown in Fig. 187.

3. Condition of thh Larynx dupjng the Emission

OF Sound.

This was first studied by direct inspection by Garcia in

1854, who examined the parts witli the aid of the laryngo-

scope. Since then, many observers, such as Czermak,

Wyllie, and Emma Seller have carefully examined the

organ in a similar way. Immediately before emitting a

sound, the glottis is closed more or less completely by the

approach of the bases of the arytenoid cartilages, and the

coi'ds are brought to the requisite degree of tension and

length. Then the cords are separated from each other by

the air rushing between them, and they are thrown into rapid

vibration. The vibrations are transverse to the direction of

the cord. Those of the inferior or true cords alone emit

only feeble tones ; but these are strengthened by the move-

ments of the air in the sonorous tube above the glottis.

4. Physiological ChaPvActers of Yoice.

A tone produced by the human voice resembles any

tone produced by a musical instrument, in presenting tJie

characters of intensity, pitch, ajid quality.

a. Intensity of Voice.—As already indicated, this Avill

2s
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depend on the amj^litude of the movements of the cords

;

and, consequently, on the force of the current of air ex-

pired.

b. Fitch of Voice.—This depends on the number of vibra-

tions per second. The length, size, and degree of tension

of the vocal cords influence the number of vibrations. The

more tense the cords, the higher will be the pitch j again,

the greater the length of the cords, the lower will be the

pitch. The length of the trachea and of the passages above

the cords has no influence on pitch. The range of the human
voice is about three octaves, that is, from fcii (174 vibs. per

second), to sol^ (1,566 vibs.) In men, by the development of

the larj^nx, the cords become more elongated than in women,

in the ratio of 3 : 2, so that the male voice is stronger, and

of lower pitch. At the age of puberty, the voice of a boy

^'breaks," in consequence of the lengthening of the cords,

and it generally falls an octave in pitch. The range of the

difierent varieties of voices is shown in Fig. 188.

Fig. 1S8.—Diagram showing the Range of the Human Voice.

There is thus a range for ordinary voices of nearly three

octaves, but in some individuals higher or lower tones may
be taken ; so that three and a half octaves may be fixed as

the extreme range. Few single voices have such a range.

A basso named Forster had a compass of thi^ee octaves, and
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lie could take the note ^rt_j = 108 vibrations per second.

Catalini commanded three and a half octaves. It is said that

the highest observed pitch is given by Nilsson, in II Flauto

Magico, as fa^ — 2,784 vibrations. The most remarkable

voice, however, recorded in the history of vocalization is that

•of an Italian singer, Lncrezia Ajugari called the Bastardella,

lieard by Mozart in Parma in 1770. Her range was from

^^0^ = 391 vibrations, to ?(;^o
= 4,176 vibrations.

Three varieties of voice are well known : chest notes,

falsetto notes, and head notes. The deepest notes are

apparently from the chest, the highest from the head, and

intermediate notes may belong to both registers, constituting

<i mixed voice. It is a great art in singing to pass gradually

from the one register to the other. As the result of her

observations, Madame Seller makes the following statements :

'' There are five difierent actions of the vocal organ : (1)

" The first series of tones of the chest-register, in which the

" whole glottis is moved by large, loose vibrations, and the

-" arytenoid cartilages v/ith the vocal ligaments are in action

;

" (2) The second series of the chest-register, when the vocal

^' ligaments alone act, and are likewise moved by large,

'' loose vibrations, as in Fig.

'' 189
; (3) The first series of

'' the falsetto-register, where,

^' again, the whole glottis, con-

" sisting of the arytenoid car-

^' tilages and vocal ligaments,

""is in action,—the very fine

" interior edges of the liga-

'^ ments, however, being alone

"" in vibration
; (4) The second

" series of the fcdsetto-register, the tones of which are

^' generated by the vibrations of the edges alone of the vocal

'" ligaments ; and (5) The head-register, in which the cords

Fig. liO.—The glottis during tlie

emission of a high. tone, c a, epi-

glottis ; ivc, inferior Tocal cord ; s v c,

suioerior vocal cord.
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" actually touch, or even overlap to a certain extent, leaving

" only a small aperture between the margins of the anterior

"third of the cords." {Seilers Voice in Singing, p. 65.)

c. Quality of Voice.—This, as is the case with any com-

pound musical tone, depends on the number and the intensity

of the harmonics. In many voices, the first five or six

harmonics may be detected with resonators. One or more of

these may be so strengthened by the resonance of the cavities

above the glottis as to give the voice a special quality, as may
be proved by singing a tone of the same pitch with the oral

cavity in different conditions.

B.-CUARACTERS OF SPEECH.

Speech is composed of articulate sounds produced by

movements of the parts forming the pharyngeal and oral

cavities and movements of the tongue. Whispering is

speech without voice ; singing a tone without any articu-

late expression combined with it, is voice without speech.

Simple articulate sounds may be divided into vowels and

consonants. Compound sounds constitute words.

1. Physiological Characters of Vowels.

Vowels are musical tones formed in the larynx, some of

the partials of which are strengthened by the resonance of

the air in the pharyngeal and oral cavities. According to

Helmholtz, the buccal cavity is a resonator tuned to a

particular tone, depending on its form. This may be proved

by putting the mouth in a certain form, keeping the lips

open, and bringing various tuning forks sounding feebly

ill front of the opening. "When a fork is found to which

the resonant cavity of the mouth corresponds, then it

sounds out with considerably intensity. By thus putting
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the mouth in the position assumed in pronouncing the

vowels, the pitch of these may be determined. The following

figure shows the pitcli of the vowel-tones, according to

/^ bH
~—~i—^

—

'^ ^~ '

5:

:4—^=^=t=t=—

^

9^

Vowe's, OU O A A[ E I EU u
Tone, /cAo sh^ sih^ solr^ shr^ re^ utl^ sol^

^'^4 As /«2 A i\
Fia. 190.—ritch of the vowels, according to Helmholtz.

Helmholtz, More recently, Konig has reinvestigated the

subject, and he lias lixed the pitcli of the vowels a, e, i, o,

OU, as follows :

—

Vowels,

Tones, s%^ si^3 s%^ s%^ si^.

No. of Yibs., 470, 940, 1880, 3760, 7520,

Fig. 191.—Pitch of tlie vowels, according to Koiiig.

If Konig's observations be correct, it is remarkable that,

to produce successively the five vowels, in the above order,

the proper tone of the oral cavity showed a rise of an octave

from one vowel to another. Calling ou = l, the values of

the other tones will be o = 2, a = 4, e = 8, and i = 1 6.
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The quality of vowel tones may be beautifully illustrated

by the aid of an apparatus devised by Konig, shown in

Fig. 192.

It consists of a little capsule d, divided by a thin india-

rubber membrane. On one side of the membrane there is-

iras, led out to a small burner, and on the other there is a

wide tube, terminating in a mouthpiece. On speaking or

Fig. 192.—Konig's apparatus for illustrating the quality of vowel
tones by a manometric flame.

singing the vowels into the latter, a characteristic flame-

picture will be obtained for each vowel, and even for the

same vowel at a different pitch. The flame-picture of a pure

tone would consist of equal segments, whilst two or more

tones acting on the same flame would produce an irregular

picture. This may be illustrated by causing two organ

pipes, with the apparatus shown in Fig. 183, to act on the
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same flame. The following diagram sliows the form of tlie

flames wliich characterize the vowels a, o, ou, sung at the

pitch of uti, soli, ut2. Thus the harmonics produced in the

larynx are strengthened or reinforced by the proper tone of

the oral cavity for a particular vowel; and, consequently,

quality of vowel-sound depends chiefly on the form of the

oral cavitv.

ui

2
dMMMjJjMjdd^JjAM

OUsol
1
;^A,^o ^^i/A^j.^^M^M^.

7/7;

1

^^^^- :^^ j,'^,.^^
1

'' < '^ »

uT.

2sM^lMiMM^iiMiiiAdik u

sol
1
i^i.i^J.AMj4^JjMjji^i

vl
1

z

id jAdi jj^^ J\ JJAji M ^jj ,

^iUiijM^M^^hMmM^AM^^^Mji 1 A^^A ^^^m^m^m^^^

A. sol

1^LMiMkh:k^km.iAMA

1

:
"gj- Mi ^ J Ji J^^^M '^^^'^^ .U ^^^_.AAi^..-A

Fig. 193.—Flame pictures of the vowels ou, o, and a, showing
their dLEEereiit quality. {Koaig.}

2. Physiological Characters of Consonants.

Consonants are sounds formed in the buccal cavity, and

strengthened by the laryngeal sound. There appear to be

three special regions of articulation : (1) Guttural, from the
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neiglibourlioocl of the soft palate and base of the tongue

;

(2) Lingual, from the neighbourhood of the superior dental

arch, the anterior part of the hard palate, and the tongue

;

and (3) Labial, from the lips. The different consonant

sounds may be produced as follows : (1) The oral tube is

contracted in the guttural, lingual, or labial regions, and at

the same time the air is expelled—thus, (jutturah, Ch and

Jj Unguals, S, Sch; and labials, Y and F; (2) There is

complete and instantaneous closure in the region of articula-

tion, the sound being produced either before the moment of

closure, as aB, or at the moment of opening, B«-^such are

giiiturah, G, Kj Unguals, D, Tj and labials, B, P; (3)

There is a kind of vibratory movement given to the articu-

lating region, such as the guttural, lingual, or labial R ; and

(4) The consonant sound acquires a nasal quality, from part

of the air passing into the nasal passages, which it does not

do in the three preceding cases—such are the guttural nasal

sounds NG, the lingual N, and the labial M. These facts

are shortly classified in the following table {Beaunis) :

—

Couth

ThrllUnrj,

Saml, .

The student may consult, regarding voice, MiJLLEii's Physiology,

translated by Baly, vol. II., p. 1002; Willis, Transactions of the

Philosophical Society of Cambridge, 1832; Garcia, Memoire sur la

Voix Humain, 1847; Czeemak, Du Laryngoscope, 1860; Helmholtz,

Theorie Physiologique de la Musique, 1874, translated by Gueroult;

The Yoice in Singing, by Emma Seilee, Philadelphia, 1874; and

Gavareet, Phenomenes Physiques de la Phonation et de I'Audition,

Paris, 1877. Begarding the formation of vowel and consonant

sounds, i\lAX Muller's Lectures on the Science of Language.

.'gxscxants. Eegioxs of ArticvLATION.

Labials. Liuguals. Gutturals.

Hard, F s Ch
Soft, . VW SchZ J

Simples,
\ Hard, P T K
/ Soft, B D G

A ^ Hard, . PH TH KH
Aspirates,

\ Soft, . BH DH GH
E E E
M N KG
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MECHANISM OF THE ATTITUDES AND THE

MOVEMENTS OF MAN.

A—2IECnANISM OF THE BODY IN A STATE OF REST.

The skeleton constitutes a firm, partly rigid and partly

moveable framework of support, suitable for posture and

locomotion in tlie ei'ect position. The difierent bones, more

especially those of the limbs, are moved by the muscles in

directions determined by the form of the joints and the

points of insertion of the muscles.

The term posture is applied to those states of equilibrium

of the body which may be maintained for a certain time

without displacement, such as standing, sitting, or lying.

The essential condition of stability is, that the centre of

gravity of the body fall within the basis of support. The

centre of gravity, in the prime of life, is about 4 A- inches

above the middle distance, or, in the sacro-lumbar articula-

tion, 3^- lines above the promontory of the sacrum. The

basis of support is contained in the erect posture between

the feet, and will vary according to the distance separating

the feet. When the basis is limited to one foot, or to the

point of one foot, there is of course a diminution in the

equilibrium, so that the slightest oscillation of the line of

gravity outside of the basis may cause a fall. To secure the

line of gravity falling within the basis, muscular action may
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be necessary, as in crouching, but fatigue soon supervenes.

In the erect posture, however, the anatomical arrangements

are such as to ensure stability to a large extent by the action

of gravity. Thus, the head is in equilibrium upon the atlas,

the centre of gravity falling a little in front of the axis of

rotation of the occipito-atloid articulation, muscular action

being necessary only to a small extent. The muscles of the

back assist in maintaining the straightness of the spine.

The centre of gravity of the trunk passes behind the axis of

rotation of the femurs, but the body is kept from falling

backwards by the tension of the structures in front of the

thigh and hip-joint. In the erect posture, all the body,

from the tibio-tarsal articulation upwards, forms a more or

less rigid structure. It may be observed that the slightest

movement at the articulation causes a considerable oscilla-

tion of the head and upper parts of the body; and even

when the body appears to be quite steady, minute oscilla-

tions, of which the individual is unconscious, may be traced

graphically. There would thus appear to be a series of

limited muscular contractions, now in front, now behind, on

the one side or the other, by which the body is so steadied

as to prevent the risk of the line of gravity falling outside

the base of support. These muscular movements probably

contribute to the production of the muscular sense already

described, by means of which guiding sensations precede and

are related to our movements. (See page 636.)

B.-MECHANISM OF THE MUSCLES.

1. General Mechanism.

In the human body, there are observed different modes of

adaptation of the muscles to the bones, corresponding with

the three varieties of lever movement. Here the moveable
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bone represents a lever of wliich the fvlcrum is tlie articula-

tion with the fixed bone, the power is employed at the point

of insertion of the contracting muscle, and the resistance

may be of various kinds, according to the obstacles which

tend to prevent displacement of the moveable bone.

(1) Levers of the First Order.—Plere we find the fulcrum

between the power and the resistance. As an example,

take the balancing of the head on the vertebral column : the

fulcrum is the articulation between the occipital bone and

the atlas ; the resistance is the weight of that part of the

head and face in front of the articulation, and the power is

behind at the point of insertion of the muscles of the neck.

The construction of the vertebral column, the balancing of

the trunk on the pelvis, and of the leg on the foot, represent

levers of the same kind. Usually, in man, this kind of

lever is for the purpose of stability, but we find it also in

certain movements. For example, in extending the fore-arm

upon the arm—the fulcrum is the elbow-joint, the power,

applied behind the articulation, is the insertion of the triceps,

and the resistance is the weight of the fore-arm in front of

the articulation.

(2) I^evers of the Second Order.—Here the resistance is

between the power and the fulcrum. In this lever, the

power-arm^ is always longer than the resistance-arm. As
the forces are inversely proportional to the length of the

arms of the lever, a comparatively weak force will overcome

considerable resistance, and consequently this lever is advan-

tageous as regards expenditure of force. But it is disadvan-

tageous as regards rapidity of movement, for the displace-

ments of the two points of application are proportional to

1 The term arms of the lever is the distance which separates th&

fulcrum from the point of application of the power or of the resist-

ance. The one may be called the pmver-arm and the other the

resistance-arm.
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the lengths of the arms of the lever. For example, if the

length of the power-arm = 10, and that of the resistance-arm

= 1, a force of 1 lb. would move a resistance of 10 lbs.,

but the point of application of the power would be displaced

10 feet, while that of the resistance would be displaced only

1 foot. This lever may be termed the lever oi poicer. It is

not common in the body. As an example^ take the action

of standing on -tiptoe. Here the fulcrum is the contact of

the toes with the ground; the power is at the insertion

of the tendo Achillis, the strong ligament fixed into the

OS calcis, or heel-bone ; and the resistance is the weight of

the body transmitted to the articulation between the tibia

and astragalus.

(3) Levers of the lliird Order.—The power is between

the resistance and the fulcrum. In this lever, the resistance-

arm is always longer than the power-arm, and while it is

ndvantageous as regards swiftness, it is disadvantageous as

regards expenditure of force. It may be termed the lever of

rapidity. It is the one common in the movements of man.

For instance, in the flexion of the fore-arm upon the arm

—

the fulcrum is the articulation at the elbow, the power is at

the insertion of the flexors ihrachialis anticus and hicejos),

and the resistance is the weight of the fore-arm. The power

is usually applied in the body near the fulcrum, and the

power-arm is thus much shorter than the resistance-arm, and

hence only small weights can be moved, but with great

speed. Thus the various movements of the body are rapidly

performed, and the clumsy form of tlie limb, which would

Tiave resulted had the power been applied near the resistance,

is obviated.

Simple movements such as are above described rarely take

place. Usually the movements which one bone makes on

another are not effected by one muscle, but by several, which

may be regarded as associated together for that movement.
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I'hus, in moving the arm, say from pronation to supination,

with a slight degree of flexion or extension, many muscles

act.

In many instances, considerable loss of power is caused

l»y the oblique direction in which the tendons of muscles are

inserted into the bones, by the combination of several

muscles acting in different directions, and by the obliquity

of the direction of the fibres in individual muscles. The

degree of the obliquity of attachment is, in a number of

bones, diminished by the enlargement of their heads, the

existence of projecting parts, and still more by the occurrence

of sesamoid bones and pulleys, changing the direction of

tendons ; but, nevertheless, the adaptation of the muscles to

the bones, in the human body generally, may be regarded as

attended with considerable loss of power; some part of

which loss, however, is compensated by greater extent and

velocity of motion.

2. The Mechanical Work of Man.

It is almost impossible to calculate the force of a particular

muscle or gi'oup of muscles in a living man. By means of

E-egnier's dynamometer, it has been ascertained that the

force exerted by the muscles of the back amounts in most

adults to from 400 to 600 lbs,, and in very powerful adults

to 700 or 800 lbs. lifted a few inches. The muscles of the

leg exert a power equal to about 400 lbs. As pointed out

by Allen Thomson, in calculating the capacity of man or

animals for labour, it is necessary to take into account (1)

the force of the muscles; (2) the velocity of the motion

;

and (3) the length of time during which the action is sus-

tained. Thus the horizontal draught power of a horse may
be, say 100 lbs. when walking, but if running, as in pulling

a conveyance, it may be diminished by one half. If the

velocity be doubled, the length of time during which the
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exertion can be maintained is reduced by one fourth. A
porter may carry 200 to 300 lbs. for a short time, at the

rate of three miles an hour; but for a day's work, 100 lbs. is

•quite sufficient. {^Thomson's " Outlines," p. 134.)

The age, stature, and weight of individuals modifiy

greatly the amount of muscular exertion of which they

are capable. The average height of men in Great Britain

is about 69 inches, and of women 63|- to 64 inches. With
this stature, men weigh from 140 to 160 lbs., women, 110

to 120. The full stature and strength of the male is reached

^bout the age of 25. At 15 years of age, lads, 5 feet 4 inches

in height, may lift from 200 to 280 lbs.; at 20, when 5 feet

5 inches in height, the lift is from 350 to 415 lbs.; and at

25, the stature being 5 feet 9 inches, it may reach as much

as from 400 to 450 lbs. [Allen Thomson.) The following

table shows a comparison between the working power of

man and of certain animals :

—

;SIean Weight.

Man ..

Ox

Horse

Kilograms.

70

280

280

Work in 8 hours.

Kilogrammetrcs. i

316,800

1,382,400

2,102,400

Work per second and per
Kilogramme of Weight.

Kilogrammetrcs. i

0-157

0-172

0-261

C.-JIECRAiVISM OF THE BODY IN LOCOMOTION.

The movements of the body as a whole assume various

forms, such as walking, running, leaping, swimming, &c.

It is not within the scope of this work to do more than

1 A kilogrammetre, or unit of work, is the amount of work
necessary to lift one kilogramme one metre high in one second of

time.
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Fig. 194.—Marey's apparatus for transmit-
ting movements from the sole of the foot.

briefly to allude to some general facts. Although many of

the movements were investigated by Borolli, about the year

1680, the brothers "Weber

were the first to adopt

rigorous and precise me-

thods. Recently, the

whole subject has been

re-investigated by Marey,

who has devised many
ingenious forms of appa-

ratus on the principle of

the registration of trans-

mitted movements. His

arrangement consists of

a slipper or shoe, having

a thick sole, in which

there is an air chamber

a, communicating v/ith a

recording tambour by the

tube h. With each pres-

sure of the sole of the

foot against the ground,

the air is compressed in

this chamber, and this

pressure, transmitted to

the recording tambour,

is registered on a cylin-

der carried by the opera-

tor, as seen in Fig. 195.

In addition, a small tam-

bour, fitted for transmit- -^.^ m'^Ar - + <' Fig. 19o.— Marey's apparatus for recording

ting vertical oscillations, "movement in locomotion.

is placed on the top of the head. Three tambours record

the movements, one for each foot, and one for the ver-
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ticul oscillations of the whole body. The operator also is

provided with a bag containing air, by the compression of

Avhicli the three recording levers can be brought against the

cylinder when the movements of the body become tolerably

luiiform. An example of a tracing thus obtained is shown

ill Fig. 19G. Marey has also devised a kind of notation

JiG. 19t;.- Tracings obtained from a man in ihe act of running, a,

Tiitical oscillations of the body; b, impact and rise of the right foot;

c, impact and rise of the left foot. When the foot presses on the ground
the curve descends, it remains straight so long as the sole touches the
ground, and it ascends as the sole leaves the ground. The upper hori-

zontal part of the curve represents the time the foot reniain.s in the air.

which shows at a glance the rhythm, the time of tho

duration of the pressure, the foot exerting this pressure,

and also the length of time during which the body is sus-

FiG. 197.—Marey's Notation of Rhythm in different modes of pro-
gression. Running.

pended. An example showing the mode of this notation is

given in Fig. 197. This is the same curve as in Fig. 19G,
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obtained in running. The lines 1 and 2 form a staffs " on

which will be written this simple music, consisting only of

two notes, which we will call right foot, left foot. From
the commencement of the ascending part of one step-curve

belonging to the right foot, let us drop upon the staff a^

perpendicular a ; this line will indicate the commencement

of the pressure of the right foot. A perpendicular 6, let fall

from the end of the curve, will determine where the pressure

of this foot ends. Between these two points, let us trace a

broad white line ; it will express by its length the duration

of the pressure of the right foot." {Mareijs Animal

Mechanism, p. 133.) A similar construction is made for the

left foot. Between the pressure of the two feet there is

found to be ^'silence " in the rhythm, that is, the expression

of the instant " when the body is suspended above the (jround

in running."

By means of this notation, two of the chief modes of

progression are represented in Fig. 198.

Fig. 198.—Notation of walking (upper line) and running (lower line).

{Matey.)

1. Walking.

In walking, the body never entirely quits the ground. This

is sho^Ti by the upper tracing in Fig. 198. The forces which

act on the body in ordinary walking may be studied with

the aid of Fig. 199. Let g represent the centre of gravity of

the body; two forces act on it: (1) the one, represented by

the line G J representing the direction of gravity ; the other,

2t
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(2) produced by extending the limb G j', causing the centre

of gravity to move in the direction G f. The latter may be

resolved into two, the one vertical, G v, tending to carry the

centre of gravity upwards, causing the vertical oscillation in

walking; the other, horizontal, G H, which determines progres-

sion. The two limbs represent a triangle, the hypothenuse

of which is formed by the posterior extended limb, the per-

pendicular G J, on the one side

by the limb which supports the

body, and the short side, j' j,

represents the length of the step.

{Beaunis.)

At the beginning of the step,

one of the limbs, the active limb,

is placed below the centre of

gravity (j^ p I, 'Fig. 199); and

the other, the oscillating limb

(g j'. Fig. 199) is placed behind.

In passing through the complete

step, according to Weber, the

limbs assume the successive po-

sitions shown in Fig. 200.

The advance of the hinder

leg itself is not, in ordinary

circumstances, as shown by Weber, a muscular action, but

consists of the fall or swing of the leg forwards, through the

arc of a circle, in a manner similar to the oscillation of a

pendulum. It has recently however been demonstrated by

Marey and others that frequently, and more especially during

fatigue, muscular action is necessary. In quick walking, the

advancing leg reaches the ground when only half an oscilla-

tion has been performed, but in very slow walking, the limb

performs nearly a whole oscillation. The velocity of the

advance of the limb is consequently regulated by its length,

Fig. lyy.—Forces wnicn ao
walking. (Weber.)



RUNNING. 65a

or by the distance of its centre of gravity from the point

of rotation, that is, about 1 9 inches for a limb of the ordinary

length of 34: inches. Increased speed is attained in walking

by depression of the centre of gravity of the trunk, greater

ilexion of the limbs, a more forcible thrust of the hind limb

against the ground, longer steps, and by allowing the sup-

porting limb to remain a shorter time in contact with, the

ground.

4561 1213M! 123

tt) •

Fig. 200.—Diagram showing the successive positions of the two limbs
during walking. {Weber.) The positions follow in the order of the
numbers.

2. Running,

In running, the hinder leg is raised before the advancing

one reaches the ground, so that tliere is a short time during

v/hich the body is not supported by the limbs, as shown in

Fig. 198. The trunk is more inclined forwards, the limbs

^re more bent, the steps longer, and succeed each, other more

i-apidly, and the vertical oscillations are greater than in

walking. Thus, tbe length of the step in running is to that
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ill walking as 2 : 1, and tlie time as 2:3; so that a persoD

may run three times as fast as he can walk. {Allen Thomson.^

These movements may also be remembered by the following

notation, in which R = right leg, L — left leg, s = supporting^

and o = oscillating positions of the limbs :

—

Slow Walking,

Quick Walkmg,

Eunning,

Jumping,

E—S O S S S S S
L—S S S O S S S

R—S O S S O
L— S S S

E_S S O O
L— S O O S O
E—S S O
L—S S O

Consult regarding Animal Locomotion, Bokelli D& motu ani-

malium, 1680; E. Weber, Mecanique de la Locomotion, dana

Encyclopedic Anatomique, 1833; Bishop's Article "Motion" in th&

Cyclop, of Anat. Physiol.; Marey's Animal Mechanism, 1874; and
PjiTTiGEEw's Animal Locomotion, 1874.
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ANIMAL HEAT.

A.-GENERAL CONSIDERATIONS.

All living organisms may be separated, as regards tem-

perature, into two classes : (1) Warin-hlooded, or those having

an almost constant temperature; and (2) Cold-hlooded, or those

whose temperature varies through wide limits with that of

suiTounding media. The former include mammals and birds,

the latter reptiles, amj^hibians, and fishes. As regards in-

Tertebrate animals, our knowledge of the temperature " of

individuals is limited and untrustworthy.

The temperature of man in the axilla is between 36°-G

and 37° '4 C; the oscillations, in a state of health, being in-

cluded in the compass of -5 of a degree. The temperature of

organs is higher than that of the surface of the body ; thus,

Bernard found 40*6° C. registered in the brain, liver, glands,

lungs, and muscles. The blood passing through the right

side of the heart is a little warmer than that returned from

the lungs, a fact which has been explained by supposing (1)

that the blood coming from the liver may be warmer than

that of ordinary systemic venous blood, and (2) that the

blood is cooled during its passage through the lungs. As
the blood passes from the heart, it loses heat. The tempera-

ture of venous blood is high or low according to the organ

from which it is returned. Thus, while the temperature of

the blood in superficial veins is lower than that of corre-

sponding arteries, on the other hand, venous blood returned
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from muscles and elands is \yarmer than tlie arterial blood

entering tliese.

Temperature is increased in various states of disease, a fact

now recognized as of liigli clinical importance. To understand

its significance, we must study (1) the production of heat in

the body
; (2) the relation between heat and mechanical

work in a living organism
; (3) the distribution and loss of

heat ; and (4) the arrangements by which the gain and the

loss, in a warm-blooded animal, are kept in a state of

equilibi'ium, so that a uniform temperature is maintained

in different thermal circumstances.

B.-TIIE PRODUCTION OF HEAT IK THE LIVING BODY.

Heat is produced in the living body by chemical and

mechanical actions.

1. Chemical Actions.

As has been frequently pointed out, most of the operations

occurring in the tissues involve chemical changes, principally

those of oxidation. Such changes cause the liberation of

heat, and it is important to observe that any given oxidation

will produce the same amount of heat. Thus, if we oxidize

1 gramme of hydrogen, a given amount of heat will be pro-

duced. Even supposing the element exist in a chemical

compound, the amount of heat produced by its oxidation will

be the same as if it v/ere free. Consequently, the quantity

of heat evolved by the oxidation of a comj^lex substance may
be ascertained experimentally. The following figures show

the approximate number of calories^ produced by the combus-

tion of 1 gramme of the following substances :

—

Hydrogen, . 34 I Metliylic Alcohol, 5 I Albumer), . 5
Carbon, . . 8 | Urea, ... . 2 | Fat, ... 9

^ A unit of heat, devised by physicists, is called a calorie. It i&

the amount of heat required to elevate the temperature of 1 kilogrammes

of water from to 1° C.
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Ifc will be observed tliat a given weight of complex organic

substances yields less lieat than an equal weight of the simple

elements, a fact explained by remembering that in the com-

bustion of compounds complete oxidation may not take place.

Every chemical change therefore which occurs in the body,

whether it be oxidation, hydration, or decomposition, results

in the production of heat.

2. Mechanical Actions.

All frictional movements, such as that of the blood in the

vessels, the movements of the muscles, the contact of articular

surfaces and of tendons, produce heat ; but it is impossible

to estimate the amount generated by these different causes.

3. The Localities where Heat is produced.

The organs in which the largest amount of heat is liberated

are the muscles. This is indicated by the activity of chemi-

cal changes occurring in these, by the fact that an increase of

temperature may be detected directly, and by the blood

returning from a muscle being warmer than that going to it.

The muscles, however, are not the only producers of heat,

inasmuch as chemical activity manifested in nervous centres,

and in the liver and other glands must produce a certain

amount. The theory, first put forth by Lavoisier, that heat

is joroduced in the lungs, must be modified to the extent that

the amount of heat so produced is more than compensated

by the loss due to the passage of carbonic acid in venous

blood from the soluble into the gaseous state.

4. Amount of Heat produced by the Living Body.

This is measured by a process termed calorimetry, first

practised by Lavoisier. His apparatus, as modified by

Dulong, is seen in Fig. 112, p. 385. In this experiment,

the animal is placed in a metallic box, the air of which is

supplied by a gasometer, whilst the vitiated air is drawn
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away. The box is plunged into a space filled witli water or

ice, and the whole apparatus is so surrounded by bad con-

ductors of heat as to render the influence of external media

as small as possible. The temperatures of the animal and of

the water in the calorimeter are taken at the beginning of

the experiment. After the animal has remained in the

chamber for some hours, the temperatures are again taken,

when either of the two following cases may be the result

:

(1) there is no change in the temperature of the animal at

the end of the experiment ; or (2) the temperature of the

animal is different from what it was at the beginning. In

the first case, it is evident that the quantity of heat produced

by the animal must have been equal to the quantity of heat

given up to the calorimeter, and in the second, supposing

the final temperature to be less, the amount of heat lost

may be found by subtracting from the number of units of

heat gained by the calorimeter the number of heat-units

lost by the body of the animal during the experiment, which

will be found by multiplying the weight of the animal by

its specific heat, and by the number of degrees lost during

the experiment. If on the other hand the final temperature

be greater, the two quantities must be added to each other

instead of subtracted.

By experiments of a similar nature, Hirn has calculated

the number of heat-units produced during repose and during

work. The average number during 24 hours in a state of

repose, is 2,700 calories, which gives about 112 calories per

liour. During active work, the amount is considerably in-

creased, as may be shown by the following table :

—

Day of rest. Day of work.

Rest. Sleep. Rest. Work. Sleep!

16 hrs. 8 hrs. 8 hrs. 8 hrs. 8 hrs.

Numberof heat-units produced. 2470-4 320 1235-2 216-96 320

Total, 2790-4 3724-8
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Helmlioltz has calculated that during 8 hours of sleep,

about 40 heat-units or calories per hour are produced by a

man of average size. The above table shows very clearly

the increased production of heat by work.

C.-THE RELATION BETWEEN HEAT AND MECHANICAL

WORK.

In contrasting the energy of heat and work, it is im-

portant to remember that the heat-unit may be transmuted

into the work-unit by multiplying by 425, and that the

reverse is accomplished by dividing by the same number,

that is, a weight of a kilogramme falling one metre in height

in one second will produce the same amount of heat as

will raise one kilo, of water from 0° to 1° Cent, in one

second (see page 6).

During sleep, the principal mechanical activities in opera-

tion are the contractions of the heart and of the inspiratory

muscles. As stated at page 326, the total cardiac work in

twenty-four hours may be valued in round numbers at 60,000

kilogrammetres. The work of the respiratory muscles is

about 14,000 kilogrammetres in the same time. Together,

these amount to 74,000 kilogrammetres. During eight

hours of sleep, we may estimate i of 70,000 or about 23,000

kilogrammetres, as representing the internal work of the

body. This figure divided by 425 gives nearly 52 calories in

the same time. But it has been seen that during sleep about

320 calories are produced, so that, then, in the operations

of the living body, from -^- to -^- of the total energy appears

as mechanical work. Again, in a day of work, to the 74,000

kilogi'ammetres representing the work of the heart and

respiratory muscles, we add 213,344 kilogrammetres pro-

duced by eight hours' work (26,688—the energy in kilo-

grammetres appealing as mechanical work in one hour

—
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X 8 = 213,344, the figures given by Hirn); we have tLeii

287,344. This divided by 425 gives about 676 calories,

as representing in heat-units the amount of energy ex-

pended in the internal work of the body, plus the exter-

nal work done in eight hours. As seen in the above

table, hovfever, during a day of work, 3,724 calories are

produced as heat; to obtain the total amount of energy

expended in twenty-four hours, we must add to this

sum 676 calories, representing in heat-units the mechani-

cal work done by the body during eight hours of work.

Together, they amount to 4,400 calories, the total energy

of the body during twenty-four hours, eight of which were

occupied in mechanical work. It will be observed that

about \ part of the total energy appears as mechanical work.

The superiority of the human body, as an apparatus for the

utilization of energy, becomes more apparent when we com-

pare the amount of heat formed during eight hours of luork,

and the amount of mechanical work expressed as heat. In

these circumstances, it will be found that about \ or 25 per

cent, of the total energy appears as mechanical work, nearly

three times that of the best constructed steam engine, which

yields only from 8 to 10 per cent.

Dr-TEE DISTRIBUTION'' AND LOSS OF HEAT.

The heat produced in various organs and tissues is dis-

tributed partly by conduction and partly by the agency of

the circulatino; blood. The vessels containinsj warm blood

may be regarded as a system for the equable distribution of

heat, so as to produce a more or less uniform temperature.

The temperature of any particular part will depend on

(1) the absolute amount of heat produced in the organ or

tissue; (2) the temperatures of neighbouring organs or

tissues and the conductivity, as regards heat, of the tissues
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between tliem
; (3) the heat given up to the blood as it

passes through the vessels ; and (4) the heat given up in the

case of a superficial organ, such as the skin, to the surround-

ing medium.

Heat is lost from the body either (1) by radiation from

the cutaneous surface
; (2) by heating the air of inspiration ;.

(3) b}^ heating cold foods or drinks introduced into the

alimentary canal; and (4) by becoming latent, in the

evaporation of water from the surface of the skin. It has

been estimated that of 100 calories of heat, 87-5 are lost by

the skin (73 by radiation and 14 '5 by evaporation) ; 10 "7 by

the lungs (7'2 by evaporation, and 3*5 by heating of the air

inspired) ; and 1 "8 by heating of the ingesta. It will be

observed how large a part of the percentage (nearly 90 per

cent.) is accounted for by the skin, showing the importance

of this organ as a regulator of heat. Its activity depends

largely on the temperature and on the hygrometric state of

the atmosphere, behaving precisely like any evaporating

surface. The movement of the air is of great im])ortance.

When layers of the air in contact with the surface of the

body are renewed at frequent intervals, the skin loses heat

at each instant both by radiation and evaporation ; so

that by keeping a layer of air next the body by means of

clothing, the cooling of the body is more slowly accomplished.

This result is still further effected by wearing articles of

clothing which are bad conductors of heat.

E.-EQUILIBPdUM BETWEEN LOSS AND GAIN OF HEAT.

The maintenance of a uniform temperature is essential to

the life of a warm-blooded animal. To maintain it, it is

evident that there must be arrangements by which the

production and the loss are balanced. These have been well

summarized by Beaunis as follows :

—
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1. The temperature may increase—
a. By an increased production, the loss not changing.

h. By a diminution in the loss, the production not

changing.

c. By an increased production and diminished loss.

d. By an increased production and insufficient increase in

loss.

e. By a diminished amount of loss along with a dimin-

ished production, if the first be in excess of the

second.

2. The temperature may d'hninish in the contrary cases.

To put the matter still more shortly :

—

1. The 2>'i'oduction of heat must increase, if an equal tem-

^Derature is to be maintained, when

a. There is an increased mean temperature, the loss not

varying.

h. The mean temperature is kept constant, although the

loss increases.

c. With a fall of mean temperature, if the loss be very

considerable.

2. The loss of heat must increase, if an equal temperatui*e

'is to be maintained, when

a. There is a diminution of mean temperature, if the

production of heat does not increase.

h. When a mean temperature is maintained, the produc-

tion of heat being increased.

c. When there is an increase of mean temperature, the

production of heat being greater.

These phenomena are chiefly regulated by the relative

.activities of the skin and of the circulation. If the skin of a

w^arm-blooded animal be coated over its whole extent with

^n impermeable varnish, it will soon die, after difficulty in
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breathing, diminished and frequent pulse, a fall of tempera-

ture from 40° C. to 19° or 20° 0,, and albuminous urine. It-

is impossible at present satisfactorily to explain all of these^

effects; the most probable theory being that such a coating

may cause vascular paralysis of internal organs, On the actions-

of which the production of heat largely depends.

The influence of the nervous system on heat is still obscure.

As explained, in treating of the sympathetic nerve, section

of the nerve causes increased temperature on the affected side.

This effect has been explained chiefly by the increased afflux

.

of warm blood from the dilated state of the vessels. Section

of the cord causes a fall of temperature which may be ac-

counted for by dilatation of vessels throughout the body,

causing an increased loss of heat by radiation and conduction^

because it has been ascertained that if the animal be kept in

a warm chamber, the temperature increases instead of dimin-

ishes.

Consult regarding animal heat, Lavoisier, Essai sur la Eespiratiom

des Animaux, 1777; Davy, An Account of some Experiments on Ani-

mal Heat, Phil. Trans. 1814; Observations on the Temperature of Man
and Animals, Edinburgh Med. Jour,, 1826; Despretz, Eecherches

experimentales sur les Causes de la Chaleur animale, Annales de

Chhnie et de Physique, 1824; Hirk, Reclierclies sur I'Equivalent

mecanique de la Chaleur, 1858; Heidenhain, Mechanische Leistung.

WarmtwicMung und Stoffumsatz bei der Muskelthatigkeit, 1864;

WuNDERLiCH, On the Temperature of the Body in Disease, 1877;

Claude Bernard, La Chaleur animale, 1872; also, a paper by James-

FiNLATSox, on some indications of a Daily Periodicity in the Vital

Functions of Man, read before the Philosophical Society of Glasgow^

Dec. 3rd, 1873.
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KEPRODUCTIOK

-GENERAL STATEMENT.

Living organisms possess the power of reproducing tlieir

kind. The process by which they do so may be either

a-sexual or sexuaL Some physiologists assert a third mode

of reproduction, often termed spontaneous generation, that

is, the origin of living beings de novo, without parents.

1. Spontaneous Generation.

It is beyond the province of this work to enter upon the

vexed question of the possibility of the origination of life

from dead matter, without the existence of parentage.^ In

the opinion of the author, no definite instance of life origin-

ating de novo has been proved, whilst, on the other hand,

numerous experiments appear to negative its possibility.

There can be no doubt that the rigid exclusion of air from

boiled infusions of organic matter does prevent the occur-

rence of life in these infusions. Nor can there be any

doubt that in water and in air there are innumerable living

particles, termed germs, which, when they fall into a fluid

having organic matter in solution, multiply therein, and so

excite fermentive or putrefactive changes. The admission

of these facts, however, does not appear to invalidate the

^ Such a mode of production of living things is sometimes termed

^xhiogenesls or heterogenesis.
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possibility of abiogenesis occurring in certain conditions, and

it is unpliilosopliical to assert, as many do, tlie impossibility

of its occurrence now or in some past time. The intimate

relations known to exist between physical, chemical, and

vital phenomena, depending on the laws of the conser-

vation and transmutation of energy, and the theory of

evolutional development, indicate the probability of abio-

genesis, and it is one of the problems of biological science to

ascertain the conditions in which this may occur.

The student may consult regarding this matter, PAf:;TEue, Memoiro

sur les Corpuscles organises qui existent dans rAtmospliere, Ann.

des Sciences Natur., 1861; Bastian, Beginnings of Life, 1872. A
critical account of the subject by one favouring the view of abio-

genesis will be found in Bennett's Physiology, p. 421.

2. Asexual Generation.

This mode of reproduction, which includes generation by

budding, by fission, or by endogenous formation, has been

already referred to in treating of cells, at p. 63. A. variety

of it constitutes 'parilienogenesis^ by which we understand the

production of offspring, unlike their parents, Avhich may
take place without, in connection with each individual birth,

a union of male and female elements. This is often termed

the law of alternate generations, and it is illustrated by the

development of various forms of Medusce, Tcenia, and of

J^phides. Here one sexual congress is sufficient, not for

one, but for several generations of beings, some of whom
may have certain characters unlike those of their im-

mediately antecedent parent.

Regarding this subject, consult Owen on Parthenogenesis, 1849;

SiEBOLD on Parthenogenesis, translated by Dallas, 1857; Harvey
on the Seed and Bud; Spencer Cobeold on Entozoa; and Agasstz.

on the Structure of Animal Life, Details will also be found in

works on General Biology.
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3. Sexual Generation.

In the higher animals, reproduction essentially is tLe

result of the blending of two elements—a female element, or

ovum, and a male, or spermatozoid. These are differentiated

parts of the body of the parent, and by their union activities

are initiated which result in the development of a new
being. They may be produced in the same individual, as in

many mollusca, a condition termed her'jiiaphrodiiism ; but in

the higher animals, they are to be regarded as specially

differentiated products supplied by different individuals.

a. The Ovum.

The ovum is a nucleated cell developed in a special organ

called the ovary. The ovum is formed in a minute sac

in the ovary known as a GraafiaM vesicle. The cell wall is

called the vitelline membrane; the contents, the vitellus or

yolk; the nucleus, the germinal vesicle; and the nucleolus,

the germinal spot. Fecundation essentially consists in the

entrance into, and fusion with, the ovum of one or more

spermatozoids ; after which, changes occur which result in a

more or less complete segmentation or division into indi-

vidual portions of the yolk. If this segmentation involve

the whole ovum, it is termed holohlastic, as in mammals,

batrachians, lower crustaceans, worms, &c.; but if it involve

only a portion of the vitellus or yolk, so as to leave the

remainder for nourishment during the early stages of the

embryo, it is called merohlastic, as occurs in the ova of birds,

amphibians, upper Crustacea, insects, and cephalopods.

According to Balbiani, in addition to the germinal vesicle,

sometimes called Purkinje's vesicle, another vesicle is

developed from the wall of the Graafian vesicle, which passes

into the ovum and there excites changes which may be

termed those of ^;?*e^ecwwc?ai520?2.
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b. The Spermatozoids.

The male element, or spermatozoid, is a minute filament of

various form and size in different animals, consisting of a

head and a filiform appendage or tail. While alive, it moves

in a fluid by undulations or vibrations of the tail. They

exist in large numbers in the semen, the secretion of the

testicle of a healthy adult animal ; and it has been ascer-

tained that they are developed in the interior of cells lining

the semeniferous tubules of the testicle.

c. Special Stages in the Evolution of the Egg.

These are (1) the formation of the ovum in the Graafian

vesicle
; (2) the fusion of the embryonic vesicle of Balbiani

with the vitellus or yolk
; (3) the extrusion of at least a

portion of the germinal vesicle of Purkinje, aided by the

formation of peculiar transparent globules, called polar

globules, and by the slow rotation of the yolk ;i
(4) fecunda-

tion, or the entrance into the ovum of spermatozoids
; (5)

segmentation, more or less complete of the yolk, which

ultimately terminates in the formation of the blastodermic

membrane, by the development of which the tissues and

organs of the future being are formed.

B.-GENERATION AS REGARDS THE PARENTS.

This includes (1) the formation of the male and female

reproductive elements; (2) the union of the two (fecundation);

(3) the changes consequent thereon in {a) the mother, and

(6) the child.

"* The rotation of the yolk may he seen in the ova of an animal

easily obtained, the common Lymnaea stagnalis, of our pools. In a

small vase of water, it usually soon deposits eggs on the side, and

the development of these may be easUy studied with a low micros-

copic power, placed horizontally.

2u
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1. The Male Element in Reproduction.

The testicle is a tubular gland, the structure of which

will be readily understood by reference to any anatomical

work. In the tubes, cells are developed (probably from

the epithelium lining the walls of the tubes), in the interior

of which one or more spermatozoids are formed. These

cells rupture, the spermatozoids are set free, and mixing with

mucus, a fluid is produced termed semen. It may be regarded

as a special kind of secretion, involving not only chemical

but also morphological elements. When semen is examined

microscopically, it is often found to be teeming with sperma-

tozoids ; but occasionally only a few may be present. To

watch their movements, it may be necessary to dilute the

semen with a drop of water at a temperature of about 98°F.

Water above or below this temperature usually stops the

movements at once. The movements are due to a kind of

wriggling motion of the tail, very similar to those of long

cilia, but no actual shortening or lengthening can be seen

with the highest microscopic power. By these movements,

which, like some other protoplasmic phenomena, may last for

some time after the death of the individual, they pass along

the female genital passages, so as to meet the ovum. They

may be found in the semen of men from eighteen to eighty

yeaiis of age. The development of spermatozoids seems to

be coincident with changes in many bodily organs, more

especially in the larynx and in the production of epidermic

appendages. This law is prominent throughout the life-

history of most vertebrate animals.

2. The Female Element in Reproduction.

The ovum is developed in a special organ, the ovary, con-

sisting of a fibrous and vascular stroma, in which are em-
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bedded ova in various stages of development. These are

found as small nucleated cells, even in the ovary of a newly

born child, and it has been shown, by studying its develop-

ment from an early stage, that the ovary is really a modified

tubular gland, and that the cells, which ultimately become

ova, are derived from the peritoneal epithelium. In a young

ovary, small follicles or pouches begin to form round the

ovum, at first round the periphery of the organ, but ultimately,

as they become larger, occupying its deeper parts. These

follicles are known as Graafian Vesicles. A fully matured

vesicle consists of an envelope or wall lined by epithelium,

thus forming a layer called the memhrana granulosa. At
one point of the vesicle, usually that opposite to the surface

of the ovary, the cells forming this membrane are collected

into a mass or disc, the discus proligerus, which projects

into the interior of the vesicle, and on the surface of which

the ovum is situated. Surrounding the ovum, there is a

layer of cells, derived from the disc, called the tunica

granulosa. Between the membrana and tunica granulosa,

there is a little fluid matter.

When an ovum and Graafian vesicle have reached maturity

—which happens in the human female, in a temperate cli-

mate, about fifteen years of age, and, as ova are successively

developed, may continue at stated intervals, up to forty-five

years of age,—the vesicle bursts, and the ovum is discharged

into the dilated end of the Fallopian tube, which is believed

to be closely connected with the ovary at that time. The

rupture of a vesicle and the discharge of an ovum are ac-

companied, or are followed, by changes both in the ovary

and in the uterus. The changes in the ovary lead to the

formation of a corpus luteum, and those in the uterus and

other parts give rise to the phenomena of menstruation.
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a. Formation of a Corpus Luteuw..

After the rupture of a Graafian vesicle, there is a small

effusion of blood which fills up its cavity. This coagulates,

and, in course of time, undergoes retrograde changes similar

to those occurring in any efiused blood. The fluid is re-

absorbed, the corpuscles disintegrate, the colouring matter

splits uj) so that crystals of hsematoidine are produced, and

the clot shrinks and becomes of a yellow colour. Coinci-

dently with these changes, there appears to be a hypertrophy

of the fibrous wall of the vesicle and of the membrana

granulosa, so that the thickened wall follows the retracting

blood clot irregularly, and thus a yellow hody, frequently of

a stellate shape, is produced. At this period, the vessels in

the neighbourhood of the follicle are large and numerous,

but gradually they disappear, with the result that fatty

changes occur in the corpus luteum, so that, as time goes on,

it becomes less and less marked, and in the ovary of a

person in advanced life, may be represented only by a

puckered cicatrix.

b. The Phenomena of Menstruation.

From the age of fifteen to that of forty-six years, an ovum

escapes from the ovary of the healthy human female at inter-

vals of twenty-eight days. This occurrence is coincident with

various changes in the uterus and pelvic organs, which cause

both local and general symptoms. The local conditions are

(1) a somewhat increased size of the uterus, probably from

the increased afBux of blood; (2) thickening of the mucous

membrane
; (3) portions of mucous membrane may become

detached; and (4) capillaries are ruptured so as to produce a

discharge of blood, mixed with mucus, termed the menses or

menstrual fluid. This discharge continues for a period of

from three to five days : sometimes copious, but more fre-
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quently scanty at the commencement, it readies a maximum
in amount, and then slowly passes away. Frequently the

woman suffers at the menstrual period from a sense of

fulness in the pelvic region, weariness, pains in the back and

limbs, and other constitutional affections. Menstruation

rarely occurs during pregnancy or lactation. Although

there is, in a healthy state, an intimate connection between

ovulation and menstruation, the latter, or some phenomenon

very similar to it, may possibly occur without the former.

c. Puberty in the Female.

The age of puberty marks the capability for procreation.

In temperate climates, it occurs usually at the age of fifteen

or sixteen years. The term of fecundity in healthy indi-

viduals is about thirty years, but there are many exceptions

to this rule. At puberty, changes occur not only in the

generative organs but in other parts of the body, giving to

the female form the characteristic appearances of woman-

hood.

d. The Change of Life, or Climacteric Period.

At the age of about forty-five, the menses cease. The

change occurs gradually, the amount of fluid becoming less

at each successive period; but in some women, there may be

intervals of many weeks, or even months, between the last

few menstrual periods. A series of bodily clianges, the

reverse of those occurring at puberty, supervene after the

cessation of menstruation.

e. The Passage of the Ovum to the Uterus.

When an ovum escapes from a Graafian vesicle, it is

received into a space formed by the fimbriated extremity of

the Fallopian tube grasping the ovary. The dilated end of

the tube appears to be applied to the ovary, probably by a



678 REPRODUCTION.

reflex influence exciting the muscular fibres of the dilated

end of the tube. In some rare cases, the ovum may drop

into the peritoneal cavity, and if fecundation occur in these

circumstances, extra-uterine pregnancy will be the result.

The ovum is carried along the tube by ciliary movement.

It is impossible to state precisely the length of time the

ovum will require to pass onwards into the uterus.

3. The Phenomena of Fecundation.

These include two distinct sets of actions: (1) the arrange-

ments by which the fecundating fluid, the semen, is intro-

duced into the generative passages of the female; and (2)

the essential act of fecundation, namely, the entrance into

the ovum of spermatozoids.

a. The Frelimiyiary Acts_ of Fecundation.

In fishes, the male sprinkles the spermatic fluid over the

spawn of the female, and there is no congress of the sexes in

any sense. In many amphibians and reptiles, the male

clings to the back of the female, and sheds the semen over

the ova as they pass from the cloaca or uro-genital aperture.

In birds and mammals, the fecundating matter must be

introduced by a special organ, the penis, into the generative

passages of the female. The penis becomes rigid owing to

an increased afflux of blood, due to the action of nervous,

filaments, which either cause a dilatation of arteries or a

diminution in the calibre of the veins of the organ. Goltz

has found that a nervous centre connected with erection

exists in the lumbar region of the spinal cord. Tactile or

psychical influences may excite this centre, which acts

through the sacral nerves and hypogastric plexus. In the

female, during coition, there are phenomena of a similar

kind afiecting the clitoris, the vaginal w^alls, the uterus, and
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possibly the Fallopian tubes. Coitus results in the ejacula-

tion of semen by a reflex mechanism excited by contact.

The semen accumulates in the vesiculse seminales ; by con-

tractions of these vesicles and of their efferent canals, the

fluid passes into the urethra, from which it is expelled

by rhythmical contractions of the fibres surrounding the

bulbous part of the urethra. At the same moment, it is

mixed with the secretion of the prostate and of Cowper's

glands. It has been supposed that, in the female, a dis-

charge also occurs from Bartholini's glands.

b. The Essential Act of Fecundation.

Fecundation consists of the penetration into the ovum of

spermatozoids. These disappear in the matter of the ovum,

so that the male and the female elements ultimately blend

together, thus forming one mass, from which the future

being originates.

4. The Changes following Fecundation.

These may be conveniently divided into—(1) the changes

in the ovum which lead to the formation of an embryo; and

(2) the changes in the uterus fitting it for the reception and

nourishment of the embryo.

a. Changes in the Ovum after Fecundation.

The minute description of the successive changes in the

ovum after fecundation now belongs to a department of

biological science termed Emhryology, which has, during the

past thirty or fifty years, assumed such proportions, and

involves so many points of minute detail, as to place it

beyond the province of this work, which treats specially of

the functions of the individual after birth.

A full account will be found in the elaborate chapter on
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Embryology in Quain's Anatomy, vol. II., pp. 673, written

by Dr. Allen Thomson. The following are the chief points

to be noticed:

—

1. The formation, by repeated fission of the germinal part

of the vitellus or yolk, of a stratum of embryonal cells called

the blastoderm, in which all subsequent development takes

place.

2. The separation of the blastoderm at first into two and

afterwards into three layers, named respectively the epihlast,

(outermost), mesoblast (middle), and hypoblast (internal).

3. As regards the body of the embryo itself, its various

systems and organs are generically related to these layers

thus :

—

a. From the epihlast, there are formed the epidermis and

its appendages, the cerebro-spinal axis, and the chief

parts of the eye, ear, and nose.

h. From the hypoblast, there are formed the epithelial

lining of all the alimentary canal, except the mouth,

and the epithelial lining of the lungs and ducts of

glands.

c. From the mesoblast evolve the skeleton, muscles, fascia,

tendons, nerves, true skin, the connective tissues, the

vascular system, the blood, the muscular and fibrous

coats of the alimentary canal and visceral passages,

serous membranes, parenchyma of glands, and the

genito-urinary system. {Allen Thomson.)

4. The formation of certain sacs and membranes, associated

with the nutrition of the early embryo and the mode of its

adaptation to the uterus, the cavity specially fitted for its

reception. These sacs are the umbilical sac, found in all

vertebrate animals, and the amnion and allantois, common
to birds and mammals, but absent in amphibia and fishes.

5. The umbilical sac or yolk sac is a covering developed

from the blastoderm, spread over the surface of the yolk
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within the vitelline membrane ; the amnion is a sac, devel-

oped partly from the epiblast and partly from the mesoblast

which arises as two folds or layers from the cephalic and

caudal extremities and from the sides of the embryo. These

folds pass backwards, converge over the surface of the

embryo, and ultimately coalesce. The outer portion of the

fold constitutes for .the time an outer covering of the embryo,

taking part in the formation of the chorion, and the inner

remains near the body of the membrane. The separated inner

division, connected with the integument of the body at the

umbilicus, forms the sac of the amnion, containing the

amniotic fluid. This fluid contains about 1 per cent, of solid

matter, consisting of albumen and traces of urea. (Allen

Thomson.) The cdlantois, or urinary vesicle, is a sac devel-

oped in the caudal extremity of the embryo, and may be

regarded as originating from the primitive intestine. It soon

attains considerable size, and vessels are developed in its

outer layer. The allantois is a flask-shaped vesicle, filled

with fluid. In birds, it lines the whole of the inner surface

of the membrane of the shell, and is thus related on the one

side to the air, and on the other side to the albuminous

matter.

6. The chorion is the name given to a layer or membrane

formed around the ovum by the time the latter is placed in

that part of the uterus which it is to occupy during intra-

uterine life. At an early period, it presents a villous or

shaggy appearance, from the development of numerous villi

into which vascular loops or tufts are prolonged from the

vessels ramifying on the allantois. The ultimate use of these

villi is to establish an organic connection between the ovum

and the uterus, and consequently they play an important

part in the formation of the placenta.

7. As regards the development of special organs and tis-

sues, details will be found in the writing above referred to.
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b. Changes in the Vterus after Fecundation.

As the ovum descends the Fallopian tube, the uterus is

undergoing changes fitting it for that intimate organic union

that is to exist for a time between the two. The mucous

membrane becomes more vascular, increases in thickness,

and bulges into the cavity of the uterus in the form of small

irregularly-rounded processes. The uterine glands also in-

crease in size, and pour out a copious secretion. This thick-

ened mucous membrane is called the decidua vera. When
the ovum passes into the uterus, it becomes entangled in the

decidua vera; a fold of decidua, called decidua rejlexa, i^

formed around it ; and the villi of the chorion, already

referred to, are pushed into the follicles of the decidua, so as

to bring the blood of the embryo into close relation to that

of the mother. The name decidua serotina is given to that

part of the decidua which exists between the ovum and the

wall of the uterus. At first, the ovum is surrounded with

vascular decidual membranes, but afterwards the vessels in

the decidua reflexa, and those of the chorionic villi related to

them, atrophy, whilst those opposite the decidua serotina

increase in size. Thus, ultimately, the ovum is connected

with the uterus on one side by means of a special organ, the

placenta.

There is still considerable difference of opinion among

embryologists as to the minute structure of the placenta

;

but there are a few authentic points of physiological import

to be kept in mind :

—

1. The placenta essentially consists of a foetal and a

maternal part. The foetal part is formed by the villous

tufts of the chorion, containing loops of vessels derived from

the allantois. It is connected with the fcetus by the

umbilical cord, and both it and the cord are covered by a

reflection of the amnion. The maternal part consists of the
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decidua serotina, or Hypertropliied mucous membrane be-

tween the ovum and the uterus, containing the uterine folli-

cles. These follicles become enlarged; the tufts of the chorion

are pushed into them ; and the bloodvessels on the outer

aspect of the follicles become dilated into large vascular spaces

or sinuses. The tufts of the chorion come into close organic

connection with the walls of these sinuses, so that the blood

of the foetus is in near proximity to that of the mother, but

is separated from it by the following membranes : (1) the

wall of the foetal capillary
; (2) the wall of the uterine

follicle; and (3) the wall of the uterine sinus. Through

these membranes interchanges, both as regards nutritive

materials and aeration, occur between the blood of the

mother and that of the foetus.

5. The Phenomena of Pregnancy.

In the human being, the term of pregnancy is from 275 to

280 days (or ten lunar months) from the time of fecunda-

tion. During that time, the uterus increases in size, its wall

becomes enormously thickened, and the organ rises gradually

from the pelvis into the abdominal cavity. Coincident with

these changes, the mammary glands increase in size; the

areolae round the nipples become darker in colour; not

unfrequently pigment may be deposited in unusual quantity

in the skin; the female may become full and plethoric, more

especially during the later months, and there are many con-

stitutional effects varying in different individuals.

6. The Phenomena of Parturition.

The foetus is expelled by the contractile force of the

uterine walls, aided by the abdominal and other muscles.

It is soon followed by expulsion of the placenta. When the

latter separates, in the human female, the uterine vessels are
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torn across, and there is a loss of blood. The haemorrhage,

which comes chiefly from the large placental sinuses, in a

healthy state, is soon arrested by the powerful contractions

of the uterus. The whole placenta, maternal and foetal,

separates and is extruded. The inner surface of the uterus,

opposite the attachment of the placenta, may be covered

with shreds of decidual membrane and clots of blood, both

of which are ultimately removed in a discharge, termed the

lochia, which passes for several days. After parturition,

the muscular walls of the uterus atrophy by fatty degenera-

tion, and the mucous membrane resLimes its normal state.

There appears to be a reflex centre in the lumbar region

of the spinal cord, connected with the rhythmic contractions

of the uterus during parturition.

In a healthy woman not supplying her oflspring with

milk, ovulation and menstruation usually commence about

six weeks after the accouchment. If lactation be persevered

in, as a rule, menstruation does not occur until after a

period of ten or twelve months.

7. The Phenomena op Lactation.

The milk of the mother is secreted by the mammary
glands. In the human female, they form two rounded

masses, placed one on each side of the front of the thorax.

They are formed on the racemose type of gland structure,

resembling the pancreas and salivary glands, consisting of

a number of little lobules, from which fifteen to twenty

ducts originate. These ducts converge towards the areola,

or circle around the nipple, where they form sinuses.

From these sinuses, small ducts pass to the surface of the

nipple, on which they open by separate orifices. The secre-

tion of milk begins during the later period of pregnancy, but

it is not fairly established until two or three days after
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parturition. Usually its appearance after delivery is pre-

ceded by a state of constitutional disturbance, called milk

fever. The fluid first secreted is of a yellow colour, may
have a peculiarly strong odour, and is called colostrum.

(a) Microscojncal Characters of Milk.—It consists of a

fluid in which there are numerous globules of various sizes,

varying from the 35V0 "^^ tsVo'^^ ^^ ^^ ^^^^ i^ diameter.

They are often in groups, but in healthy milk they should

show no tendency to adhere, but roll freely on each other.

Colostrum, in addition, contains large globular and granular

corpuscles about the xiVo ^^ ^^ ^^^^ ^^ diameter.

(h) Chemical Composition of Milk.—This will be seen in

the following table, compiled from various authorities:—

^

Constituents. Human. Cow. Ass. Ewe. Dog.

Water, . . .

Sugar, ....
Casein and Ex- )

tractives,
\

Butter, . . .

Salts, ....

1

828
70

40

50
3.1

870-2
47-7

44-8

31-3
6-0

916-5
60-8

18-2

1-1

3-4

856-2
50-0

45-0

42-0
6-8

20

90
12

1000 991-1 1000-0 1000 —

As regards the ash, Yernois and Becquerel found in human
milk 6-9 per cent, of carbonate of calcium, 70*6 per cent, of

phosphate of calcium, 9*8 per cent, of chloride of sodium,

7 '4 per cent, of sulphate of sodium, and 5-3 per cent, of

other salts.

It will be seen, from the above table, that ewe's milk is

the richest of all milks, while the milk of the ass is rich in

sugar, but poor in butter and casein. Human milk and

cow's milk are, on the whole, much alike, and when the

^ The analyses of human milk is by Simon; of the cow, ass, and

ewe, by Chevallier and Henry; and the incomplete analysis of that

of the dog by Vernois and Becquerel.
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latter is used for infants, the reason for adding a little sugar

to it will be at once seen.

C-CIRCULATION OF THE BLOOD IN THE FOETUS.

In the mature foetus, the fluid brought from the placenta

by the umbilical vein is partly conveyed at once to the vena

cava ascendens, by means of the ductus venosus, and partly

flows through two trunks that unite with the portal vein,

returning the blood from the intestines, into the substance

of the liver, thence to be returned to the vena cava by the

hepatic vein. Having thus been transmitted through the

two great depurating organs, the placenta and the liver, the

blood that enters the vena cava is purely arterial in its char-

acter; but, being mixed in the vessels with the venous

blood returned from the trunk and lower extremities, it

loses this character in some degree by the time that it

reaches the heart. In the right auricle, which it then enters,

it would also be mixed with the venous blood which is

brought down from the head and upper extremities by the

descending cava, were it not that a provision exists to im-

pede (if it does not entirely prevent) any further admixture.

This consists in the arrangement of the Eustachian valve,

which directs the arterial current (that flows upwards through

the ascending cava) into the left side of the heart, through

the foramen ovale, whilst it directs the venous current (that

is being returned by the descending cava) into the right

ventricle. When the ventricles contract, the arterial blood

contained in the left is propelled into the ascending aorta,

and supplies the branches that proceed to the head and ujDper

extremities before it undergoes any further admixture;

whilst the venous blood contained in the right ventricle is

forced into the pulmonary artery, and thence through the

ductus arteriosus—branching ofi" from the pulmonary artery
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before it passes to the two lungs—into the descending

aorta, mingling with the arterial currents which that vessel

l^reviously conveyed, and thus supplying the trunk and

lower extremities with a mixed fluid. A portion of this

is conveyed, by the umbilical arteries, to the placenta, in

which it undergoes the renovating influence of the maternal

blood, and from which it is returned in a state of purity.

In consequence of this arrangement, the head and upper

extremities are supplied with pure blood returning from the

placenta, w^hilst the rest of the body receives blood which is

partly venous. This is probably the explanation of the fact,

that the head and upper extremities are most developed, and

from their weight occupy the inferior position in the uterus.

At birth, the course of the circulation undergoes changes.

As soon as the lungs are distended by the first inspiration, a

portion of the blood of the pulmonary artery is diverted into

them, and there undergoes aeration; and as this portion

increases with the full activity of the lungs, the ductus

arteriosus gradually shrinks, and its cavity finally becomes

obliterated. At the same time, the foramen ovale is closed

by a valvular fold, and thus the direct communication be-

tween the two auricles is cut ofi". "When these changes have

been accomplished, the circulation, which was before carried

on upon the plan of that of the higher reptiles, becomes that

of the complete warm-blooded animal ; all the blood which

has been returned in a venous state to the right side of the

heart being transmitted through the lungs before it can reach

the left side, or be propelled from its arterial trunks.

Consult regarding many interesting points connected with the

phenomena of reproduction in the human being Matthews Duncan,

on Fertility and Sterility, 1872.
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DEATH.

Deatli is the cessation of all vital phenomena, without the

capability of resuscitation. During the whole of the lifetime

of an individual, there is death in one sense occurring here

and there throughout the body. Each tissue is developed,

grows to maturity, performs its functions, decays, and dies.

Probably no tissue lasts throughout the whole of the somatic

life. Thus the cells of the blood are continually changed.

Again hairs, nails, feathers, and teeth have each a certain

period of existence, at the termination of which they die and

separate from the rest of the body. At last, however, a time

comes when the general death of the body takes place. This

is what we usually term death. It results from failure either

of the action of the heart, of the lungs, of the brain, or from

death of the blood, as in cases of severe septic poisoning.

Death beginning at the heart {fainting) is termed syncope,

at the brain, coma, and at the lungs, asphyxia. "When the

action of the heart becomes weaker and weaker until it ceases •

to beat, either from feebleness of its walls, or from poisoning

by carbonic acid or want of oxygen, in consequence of a state

of asphyxia, death is said to occur by asthenia. After somatic

death, the tissues may live for a short time, but they gradually

die one by one. Muscular irritability disappears, and the
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muscles stiffen from coagulation of tlieir substance. This

state, tlie " stiffness of death," is called cadaveric rigidity.

After a time the rigidity passes off, the muscles and other

tissues become soft; and the body, subjected to the physical

and chemical agencies of nature, is resolved into the elements

of which it was at first composed.

Such is the history of human existence according to the

light of physiological science. The doctrine of a future life,

which has been held more or less distinctly in all ages, and

in all states of civilization, rests upon evidence of another

kind, regarding the validity of which each one must satisfy

himself. It is not within the scope of this work to discuss

the question.

2x
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APPENDIX A.

CHAEACTEES AND EEACTIONS OF THE PEINCIPAL.

OEGANIC SUBSTANCES FOEMING THE HUMAN
BODY.

Arranged alphabeiically forpurposes of reference.

Acids.

Acetic Acid, C2H4O2.—Transparent foliated crystals ; change

at 17° C. to a colourless fluid, of a piquant characteristic odour

and of a very acid taste; volatile without residue. It is not

precipitated by perchloride of iron, but if we dilute the acid by
ammonia, the liquid becomes dark red (acetate of iron) ; white

crystals are precipitated by the protonitrate of mercury.

Benzoic Acid, C7H6O2.—Silky needles ; fusible at 120°;

volatilizes at 150°; slightly soluble in cold water ; soluble in

alcohol and ether. (Its presence in normal urine is doubtful.)

Biliary Acids.—They are two in number, glycocholic and

taurocholic acids. See p. 38.

PettenJcofer^s Test. — Add to the liquid a few drops of a

solution of cane sugar and a few drops of concentrated sulphuric

acid, when a rose and purple colour is produced. The presence of

albuminoid substances keeps back the reaction.

Alkaline Salts of biliary acids, such as we find in the bile, dis-

solve cholesterine ; they destroy the blood globules, and have the

property of dissolving and emulsionizing fat.

Butyric Acid, C4H8O2.—Colourless liquid, of the odour of

vinegar, or of rancid butter when it is impure, and soluble ii>
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water, alcoliol, and ether ; volatile at 160" ; it is precipitated in

concentrated solutions by chloride of calcium in oily drops.

Heated with alcohol and sulphuric acid, it gives butyrate of

ethy], having an odour of strawberries.

Capric Acid, C10H20O2.—Solid, of the odour of perspiration
;

fusible at 70°; slightly soluble in water; miscible in alcohol and

ether in all proportions ; the caprate of baryta is almost insoluble

in cold water.

Caproic Acid, CgHigOg.—Colourless liquid, oily, of the odour

of perspiration ; volatile at 202°; almost insoluble in water
;

miscible in alcohol and ether in all proportions ; the caproate of

baryta dissolves in twelve parts of cold water.

Caprylic, Acid CgHig02.—An oily liquid of the odour of

perspiration ; crystallizes at 12° ; insoluble in water ; miscible to

alcohol and ether in all proportions ; the caprylate of baryta is

soluble in 125 parts of cold water.

Cholalic Acid, C24H40O5.—Amorphous or crystallizes in quad-

rangular prisms from an etherial solution, or in octahedrons or

tetrahedrons from an alcoholic solution; heated at 190° to 200°,

it decomposes into dyslysine and water, thus : C24H40O5

= C!24H3603 + 2H20.

Damaluric Acid, C7II12O2.—Oily liquid, denser than water

;

insoluble in this liquid.

Formic Acid, CH2O2.—Colourless liquid of a strong and

piquant odour ; volatile at 100° without residue ; is not precipi-

tated by the nitrate of mercury; heated with concentrated

sulphuric acid, it decomposes into water and carbonic oxide

CH202 = CO + H20.

Gltcocholic Acid, C2QH43]Sr06.— Long slender needles

;

colourless ; of a sweet taste ; almost insoluble in cold water and

in ether ; soluble in hot water and alcohol, and in alkaline

solutions ; deviates polarized light to the right. Baryta water de-

composes it into cholalic acid and glycocolle: C26H43NO6 + H2O
= C24H4QO5 + C2H5NO2. Byboilingwith sulphuric and nitric acids,

it decomposes into choloidic acid and glycocolle : C26H43NO6

i
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= C24H3SO4 + C2H5NO2. It forms with soda a salt which crystal-

lizes in easily recognizable needles.

HiPPURic Acid, C9H9NO3.—Large crystals, white, hard and

prismatic ; inodorous, of a slightly bitter taste ; soluble in water

and hot alcohol, almost insoluble in ether ; by the action of acids,

it decomposes into benzoic acid and glycocoUe : C9H9NO3+ H2O
= C7B[g02+ C2H5N02. Synthetically it may be obtained by
combining chloride of benzole and glycocholate of zinc : C7H5CIO

+ CaH^ZuNOa= C9H9NO3 + ZnCl.

Liicke's Test.—Evaporate the substance to be examined with

an excess of nitric acid and heat the residue ; an odour of bitter

almonds may be perceived. This re-action also applies to benzoic

acid.

Inosic Acid, C10H14N4O11 (?).—A syrupy liquid, of the odour of

soup, soluble in water ; becomes a solid in alcohol. Its salts are

crystallizable, soluble in water (except the metallic salts); in-

soluble in alcohol and ether.

Lactic Acid, C3Hg03.—A syrupy liquid, without colour or

odour ; of a very acid taste ; soluble in water, alcohol, and ether,

Margaric Acid.—Mixture of palmitic acid and of stearic

acid.

Oleic Acid, Ci8H3i02.—An oily liquid
;

yellow, inodorous,

insipid ; insoluble in water, soluble in alcohol, ether, and chloro-

form; exists as such at 14°; at 4° becomes a crystalline mass.

Oxalic Acid, C2H2O4.—White crystals, of an acid taste

;

soluble in water ; decomposed by sulphuric acid into carbonic

acid and carbonic oxide : C2H2O4 = CO2 + CO + HgO. Oxalate of

lime crystallizes in four-cornered octahedrons.

Palmitic Acid, C16II32O2.—In crystalline masses, inodorous,

insipid ; fusible at 62°; insoluble in water, soluble in alcohol,

very soluble in boiling alcohol, ether, and chloroform.

Phosphoglyceric Acid, C3H9PO5.—Syrupy liquid ; easily de-

composed by heat into glycerine and phosphoric acid. Its salts of

baryta and of lime are soluble in cold water, insoluble in absolute

alcohol, . .
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Propionic Acid, CgHgOa.—Coloiiiiess liquid, of an odour

similar to acetic acid ; volatile at 142°; soluble in water ; from

an aqueous solution, chloride of calcium precipitates it in oily

drops. Treated by alcohol and sulphuric acid, it gives out an

odour of fruit, due to the formation of propionate of ethyl. The

propionate of sodium is much more soluble than the acetate.

Stearic Acid, CisHggOs.—A crystalline mass, white, inodorous,

insipid ; fusible at 69°; insoluble in water, less soluble in alcohol

than palmitic acid, soluble in boiling alcohol, ether, and

chloroform.

Taurocholic Acid, C26H45NSO7.—White amorphous powder,

very bitter ; soluble in water and alcohol, insoluble in ether

;

by baryta water and heat, it divides into cholalic acid and

taurine : C26H45NSO7 +Hp = C24H40O5 + C2H7NSO3. By acids

it decomposes into choloidic acid and taurine : C26H45NSO7

= C24H38O4 + C2HJ-NSO3. The alkaline taurocholates are neutral

;

of a sweet taste, but bitter afterwards ; soluble in water and

in alcohol.

Uric Acid, C5H4N4O3.—Crystalline powder, colourless when
pure, but generally yellow or brown. The microscope shows

crystals, rhombohedric tables, or prisms having from four to six

sides, or lozenge-shaped bodies. Insipid, inodorous ; slightly

soluble in water, insoluble in alcohol and ether.

Transformations of Uric Acid.—By bromine water, it is trans-

formed into urea and alloxan: C5H4N4O3+ Brg + 2H2O = CH4N2O
+ C4H2N2O4 -r 2HBr. Alloxan yields by oxidation urea and

carbonic acid : C4H2N2O4+ 20 + H2O = CH4N2O + 3CO2. Boiled

with water and oxide of lead, uric acid yields allantoin and car-

bonic acid : C5H4N4O3 + H2O + O = C4HgN403 + COg. In certain

conditions of oxidation, it yields oxaluric acid : C3H4N2O4 ; ozone

transforms it immediately into urea, carbonic acid, and ammonia.

Urates are generally acid, and slightly soluble. Acetic and

hydrochloric acids precipitate uric acid in the crystalline form.

Add Urate of Soda is found in urinary sediments as an amorphous

powder, or in small spheres covered with prismatic needles.

Add Urate of Ammonia is an amorphous powder, dark and
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granulated. Acid Urate of Lime is a white amorphous powder,

difficult to dissolve in water.

Reactions of Uric Acid.—(1) Put a little of the substance to be

examined into a watch glass, add two drops of nitric acid, heat,

and evaporate till dry; if the substance be uric acid, it dissolves

in nitric acid, and gives by evaporation a yellow or reddish-

yellow residue, which becomes reddish-purple by adding a drop

of caustic ammonia, and bluish-violet with soda or potash.

(2) Dissolve the substance to be examined in a drop of solution

of caustic soda, and filter ; add to the liquid chloride of

ammonium in excess, and there will be a precipitate of urate of

ammonia which, by the addition of hydrochloric acid, yields

crystals of uric acid. (3) The microscopic examination of the

crystals so as to determine their form.

Bases, &c.

Albumen of Serum.—When dried, it is a clear yellow, trans-

parent, vitreous substance, soluble in water ; the solution is

somewhat opalescent, and lightly fluorescent. At 70", heat

coagulates it if the solution be not very alkaline. In this coagula-

tion there always remains a small quantity of alkaline albuminate,

and the liquid may even become alkaline. According to Mathieu

and Urbain, the carbonic acid dissolved in the albumen combines

with it under the influence of the heat, and is the cause of the

coagulation. Solutions of albumen, deprived of carbonic acid by

being placed in a vacuum, become incoagulable. Alcohol precipi-

tates it from its solutions ; carbonic, acetic, tartaric, phosphoric

acids do not precipitate it ; the concentrated acids precipitate it,

especially nitric, metaphosphoric, picric, carbolic, and tannic acids.

The alkalies transform it into basic albumen. It dissolves in

concentrated nitric acid ; most of the metallic salts precipitate it.

After depriving it of all its salts by the dialyser, it is not precipi-

tated by heat or alcohol, but is precipitated by ether. Deprived

of its volatile salts, and especially of the carbonate of ammonia

by the absolute vacuum, it is transformed into a matter said

to be identical to fibrinogene and fibrinoplastic substances.

Kept several days in the vacuum, at a temperature of 40' to

60°, it abandons considerable quantities of gas, consisting mostly
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of carbonic acid, hydrogen, and a small quantity of nitrogen. It

deviates polarized light to the left.

Albuminoid Matters.—General characters of the albuminoid

matters. They all contain nitrogen and sulphur ; their chemical

constitution oscillates around the following: C54HyNi6022S.

Amorphous, soluble in water and various acids, usually soluble in

alkalies ; almost insoluble in alcohol and ether. Aqueous

solutions are neutral. They yield in flame an odour of burned

horn, separating ammoniacal products, and leaving a residue

of ashes which consists mostly of phosphate of lime. Left to

themselves, they decompose very easily. Calcined with potash

or boiled with sulphuric acid, they furnish leucine and tyrosine.

Concentrated nitric acid, when hot, transforms them into a

yellow body, xanthoproteic acid. Treated by acids, alkalies, or by

putrid decomposition, they yield the following products : oily

volatile acids, oxalic, acetic, formic, valerianic, fumaric, and

asparagic acids ; leucine, tyrosine, ammonia, etc. ; by oxidation of

albumen, formic, acetic, propionic, butyric, valeric, capric, and

benzoic acids, and the aldehydes of these acids, various organic

volatile bases, acetonitrile, valeronitrile, and propionitrile may be

obtained.

Allantoine, C4HgN403.—Small transparent prismatic crystals,

inodorous, insipid, neutral; soluble in cold water (160 parts), in-

soluble in cold alcohol and ether ; soluble in boiling water and

alcohol and in the alkaline carbonates.

BiLiFUSCiNE, C16H20N2O4.—A brown powder in mass, almost

black, with a brilliant lustre ; scarcely soluble in water, ether,

and chloroform ; soluble in alcohol with a brown colour, soluble

in the alkalies with a reddish-brown colour. Its alkaline solution

is precipitated brown by acids.

Bilirubin, C^eH^gNgOs. — An amorphous orange - coloured

powder, or prismatic crystals, or in rhomboidal tables; insoluble

in water; slightly soluble in ether, rather more in alcohol, very

soluble in carbon disulphide, chloroform, and benzine. Its

solutions are golden yellow. E. Maly has transformed it arti-

ficially into urobiline.
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GmelhiLS Test.—Pure nitric acid containing traces of nitrous

acid, added with caution, produces a succession of tints in the

following order : green, blue, violet, red, and yellow. The green

tint must always be present to indicate bilirubin.

BiLiVERDiN, C1QH20N2O5 (?).—Dark-green amorphous powder,

or green rhomboidal tables. Insoluble in water, ether, and

chloroform; soluble in alcohol with a bluish-green colour, soluble

in alkalies with a green tint; the acids precipitate green flakes

from the solution. It gives Gmelin's test.

Casein.—Insoluble in water, soluble in waters lightly alkalin-

ized. Its solution is not coagulated by heat. Soluble in hydro-

chloric acid, less in acetic acid. Its solutions are i3recipitated by

alcohol, sulphate of magnesium, chloride of calcium, and metallic

salts. By lengthened boiling with water, it gives lactic acid and

creatinine.

Cholesterin, C26H44O + H2O.—Crystallizes in slender, nacreous,

rhombohedric tables, often irregularly indented at one angle.

Neutral, insipid, inodorous. Insoluble in water; soluble in

boiling alcohol; not saponifiable by potash. It gives a red colour

with sulphuric acid, and blue or violet on adding iodine to con-

centrated sulphuric acid.

Chondrigene, C49.9 Hg.g ^14.5 S10.4 028-6 %.— fundamental

substance of cartilages. Swells in water; by boiling in water, is

transformed into chondrine.

Chondrine.— Same composition as chondrigene substance.

Soluble in hot water; gelatinizes in the cold; insoluble in alcohol

and ether. Its solutions are precipitated by alcohol as well as by

mineral acids, acetic acid, alum, perchloride of iron, acetate of

lead, and nitrate of silver ; the j)recipitate is soluble in an excess

of the reagent. The precipitate by acetic acid is redissolved

by alkaline salts, which distinguishes chondrine from albuminoid

matters.

CoLLAGENE.—Fundamental substance of bones and of con-

nective tissue. It is softened by cold water, but does not swell.

The ebullition transforms it into gelatine. It swells in weak
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acids. It is poorer in carbon and richer in nitrogen than

albuminoid matters.

Creatine, C4H9N3O2.— Ehombohedric prisms ; colourless,

sour; soluble in water, almost insoluble in alcohol, insoluble in

ether; neutral. Heated with weak hydrochloric acid, it changes

into creatinine : C4H9N3O2 = C4HJ.N3O + HgO. By ebullition

with barj'ta, it transforms into urea and sarcosine: C4H9N3O2

+ II2O = CH4N2Q + CgHjrNOg. By oxidation, it gives oxalic

and carbonic acids and methyluramine : C2HJ-N3.

Creatinine, C4lIyN30.— Brilliant, colourless prisms of an

alkaline taste; soluble in water and alcohol, scarcely soluble in

ether; very alkaline. Oxidized, yields methyluramine: C2H7N3.

If we add to its solution a concentrated solution, not acid, of

chloride of zinc, it produces a finely-granular precipitate, or in

groups of needles or prisms (double chloride of zinc and of

creatiniue); this chloride, treated by sulphide of ammonium,
reproduces creatine by taking an equivalent of water: C4HJ.N3O

+ H2O = C4H9N3O2.

Cystine, C3H7NSO2.—Crystallizes in rhombohedric laminae or

colourless hexagons. Insoluble in water, alcohol, and ether

;

soluble in ammonia (distinctive character from uric acid), mineral

acids, and oxalic acid.

Elastine, C55.5 H7.4 Nig. 7 O20S % (?).—The base of elastic

tissue. Yellow; insoluble in water, ammonia, acetic acid, and
alcohol.

FiBEiNE.—White amorphous filaments ; insoluble in water,

alcohol, and mineral acids; swells in weak acids and in solutions

of alkaline salts ; soluble in weak acids (acetic, lactic, and
phosphoric acids), potash, solutions of alkaline salts, xV % solu-

tions of chloride of sodium; ferrocyanide of potassium precipi-

tates it from its acid, and acetic acids from its alkaline, solutions.

Fibrine decomposes ozone, evolving oxygen without seeming to

suffer change. With ozone and a few drops of tincture of

guiacum, it gives a blue colour.

FiBRiNOGENE.— Soluble in water; carbonic acid gives a pre-

cipitate which forms with difficulty; precipitated by a mixture of
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3 parts of alcohol to 1 part of etlier; precipitated by sulphate of

copper; the precipitate is insoluble in an excess of the reagent.

FiBRiNOPLASTiNE.—Soluble in aerated water; precipitated in

flakes by carbonic acid, not by alcohol. It is precipitated by

mineral acids; the precipitate is insoluble in an excess of the

reagent ; it is also precipitated by mineral salts, when it is insoluble

in an excess of the reagent. If we add fibrinoplastic substance

to a salt solution of fibrinogene, it produces fibrine.

Gelatine.—Whitish-yellow ; swells in cold water; soluble in

boiling water, and gelatinizes on cooling ; soluble in acids and

alkalies. Solutions of gelatine are precipitated by tannin and

bichloride of mercury; they are not precipitated by mineral

acids, bases, acetic acid, and ferrocyanide of potassium; deviates

ray qf polarized light to the left.

Globuline.—Albuminoid matter; insoluble in water, soluble

in a strong solution of chloride of sodium; its solution coagulated

by heat; changed into syntoniue by strong hydrochloric acid.

According to Hoppe-Seyler, it includes vitelline, myosine, fibrino-

gene, and fibrinoplastic substances.

Gltcogene, CqHioOj, —• Amorphous, colourless, inodorous
;

soluble in water with opalescence, insoluble in alcohol and ether.

Glucose, CgH^gOg.—Amorphous or crystallized ; colourless

;

sweet; slightly soluble in water, soluble in alcohol, insoluble in

ether. With yeast, it undergoes alcoholic fermentation, and

produces alcohol and carbonic acid: CgIIi20e = aC^HgO + 2CO2.

Principal Tests (the liquid to be examined must be wholly free

from albuminoid substances):

—

1. Fehling's Test.—To prepare Fehling's solution, dissolve

34*65 grammes of sulphate of copper in 160 grammes of water;

then dissolve 173 grammes of double tartrate of potash and soda

in 650 cubic centimetres of a solution of soda having a density of

1*12; pour the mixture into a glass gauged to a litre, and add

water sufficient to make a litre. Glucose acts on the fluid while

hot, and gives a red precipitate of oxide of copper; the precipitate

is only produced in an alkaline fluid; the presence of colouring

matters impedes the reaction, and sometimes necessitates the
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previous discoloration by animal charcoal. It must not be

heated beyond 70°.

2. Moore^s Test.—Add to the liquid a solution of caustic potash,

or of caustic soda, until the reaction be strongly alkaline, and

boil; if it contain glucose, it will become yellow, then reddish-

brown, and next dark-brown or black.

3. Fermentation with yeast.

4. Microscopic examination of the crystals of glucose, and of

the combination of glucose and chloride of sodium (rhombohedric

plates and crystalline pyramids having 4 and 6 facets).

5. Examine with saccharimetre, which shows the presence of

sugar by the effect on polarized light.

H^MATiNE, Cg^HgiN^FeOg {Hoppe - Seyler).— Eeddish -brown

powder ; metallic-like, not crystallizable ; insoluble in water,

alcohol, and chloroform; soluble in acidulated alcohol and al-

kalies. By the action of dilute sulphuric acid, it gives two

bodies containing iron, namely, hsematoporphyrine and hsematoline

{Hoppe-Seyler). It forms with hydrochloric acid a combination,

hemine of Teichmann^ which crystallizes in rhombohedral dark-

brown plates; insoluble in water, scarcely soluble in hot water

and ether, but soluble in jDotash. In order to see these crystals,

it is sufficient to evaporate on a glass plate a few drops of water

reddened by blood; add to the residue glacial acetic acid, and

evaporate near a fire, having covered all with a glass plate.

H^MAToiDiNE.—Hard, red crystals produced in blood-clots

(bilirubin).

H^MOGLOBiNE : empiricalformul a, QQ^^^Q^^r^^el^^O-^^J^Preyer).

—Red, microscopic crystals, lozenges, and four-sided prisms;

soluble in water, giving it a blood-red colour; heat and the

presence of alkalies augment its solubility ; its solutions are

muddy between 70° and 80°; it is decomposed by all agents

which modify albuminoid substances; its products of decomposi-

tion are—hematine, an albuminoidal coagulable matter, formic

and butyric acids, and other volatile fatty acids.

Hsemoglobine forms with oxygen a combination : oxyhsemo-

globine ; 1 gramme of dried hsemoglobine absorbs on an average

1 cubic centimetre of oxygen; this oxygen can be dispelled by
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the vacuum, heat, or reducing agents (reduced haemoglobine)

;

oxy-hsemoglobine crystallizes more easily than reduced haenio-

globine, p. 295.

Hypoxanthine, C5H4N4O.—Microscopic crystals composed of

very fine colourless needles; slightly soluble in water, insoluble

in alcohol and ether.

Indican", C2oH[3^NO]^Hr.— Light brown syrupy liquid; bitter and

nauseous in taste; soluble in water, alcohol, and ether; with

alkaline liquids, it gives the test of glucose. Heat decomposes it

into indicanine and indiglucine: CgeHsiNOi^ + HgO = C20H23NO12

+ CgHjoOg. By concentrated hydrochloric acid, it decomposes

into indigo and indiglucine : CgeHg^NOiy + SHgO = CgHgNO
+ SCgHjoOg. Indigo in its turn yields, on hydration, leucine

and formic acid: CgHgNO + 5H2O = C0H13NO2 + CH2O2 + COg.

Indiglucine has a sweet taste, and reduces oxide of copper, but

does not cause the alcoholic fermentation.

Inosite, CgH^gOg + 2H2O.—Large colourless crystals ; soluble

in water, but insoluble in alcohol and ether; of a sweet taste;

dissolves hydrated oxide of copper without reducing it by heat.

Leucine, CglliglSrOg.— Fine, brilliantly-white crystals, often

united in spheres or round refracting masses. Insipid; inodorous;

soluble in water, and almost in alcohol, but not in ether; neutral.

By oxidation by alkaline permanganate of potash, it is split up

into oxalic, valeric, and carbonic acids, and ammonia.

MuciNE, C48. Hg. Ng. O35.— Swells in water, without dis-

solving ; its solution precipitates by alcohol, by weak acids, and

acetic acid ; it is not coagulated by heat. Alkaline or neutral

solutions of mucine are not precipitated by sulphate of copper,

bichloride of mercury, nitrate of silver, perchloride of iron, &c.

Mtosine.—Soluble in alkaline solutions, especially in chloride

of sodium ; transformed by weak acids into syntonine ; its saline

solution is coagulated by heat like albumen ; alcohol precipitates it.

Oleine, Cs^H^o^Og or C3H5 (01811330)303.—Liquid at ordinary

temperatures, colourless ; easily oxidized by air, becoming

yellow ; soluble in absolute alcohol ; dissolves palmitine and

stearine. Eepresents the principal mass of fatty bodies.
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Palmitine, CgiHggOg or C3H5 (CigH3iO)303.—Crystallizes in

fine needles, often radiated round a centre ; soluble in boiliug

alcohol and ether. Melting point very variable from 46" to 63°.

Paralbumine.—Distinguished from the albumen of serum by
two characters : the precipitate obtained by alcohol is soluble in

water ; it coagulates incompletely by heat.

Peptones.—Distinguished from other albuminoid substances

by the^following characters : they are soluble in water, insoluble

in absolute alcohol and ether, but alcohol precipitates them with

difficulty from an aqueous solution ; heat does not coagulate them

;

they are neither precipitated by acids nor by alkalies, but they

are precipitated by bichloride of mercury, or acetate of lead, or

ammonia ; ferrocyanide of potassium, and acetic acid throw down
a precipitate. They are very diffusible. They deviate to the left

the plane of a ray of polarized light.

Plasmine of Denis.—Soft, white, amorphous mass, precipi-

tated from blood plasma by the addition of common salt ; divides

in coagulation into fibrin or ordinary fibrin and soluble fibrin,

which remains dissolved in the salt-plasma.

Protagon.—^A neutral substance, insoluble in water and ether,

soluble in boiling alcohol and in fats. Heated with baryta water,

it yields, among other products, glucose, phosphoglyceric acid, and

a body almost identical with neurine, but which differs by HgO
less, and has for a formula C5H13NO ; this body reproduces neurine

by the simple action of water on its salts. According to Hoppe-

Seyler, protagon is a mixture of lecithine and cerebrine ; Baeyer

considers it a glucoside.

Sarcosine, C3H7NO2.—The superior homologe of glycocoUe or

methylglycocolle. Formed in treating creatine while hot with

baryta water. Crystallizes in rhombohedric colourless crystals;

very soluble in water, slightly in alcohol, but not in ether.

Stearine, C^jrH^oOc ^^ ^3^5 (Ci8H350)303. Less soluble than

other fats in boiling alcohol and ether ; crystallizes in rectangular

tablets. More rarely in rhombohedric prisms. Melting point

about 60°

Stntonine.—It is distinguished from basic albumen, because
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its solution in weak acids and alkaline carbonates is precipitated

by neutralization (even in presence of alkaline phosphates). It

has two other principal tests: (1) its solution in lime water is

partly coagulated by heat
; (2) the same solution gives a precipi-

tate, while hot, with chloride of calcium, sulphate of magnesia,

and chloride of sodium.

Tyrosine, C9H11NO3. — Crystallizes in slender, colourless,

microscopic needles; insipid, inodorous; slightly soluble in cold

water, but insoluble in alcohol and ether. While burning, it

smells like burnt horu. When oxidized by bichromate of potash

and sulphuric acid, it yields oil of bitter almonds, and hydro-

cyanic, benzoic, formic, acetic, and carbonic acids.

Urea, CH^Ng^*—Elongated, prismatic, four-sided crystals

terminated by one or two oblique surfaces. Inodorous; of a

fresh, bitter taste; soluble in water and alcohol, but not in ether.

It is neither precipitated by acetate nor by subacetate of lead,

but by mercuric nitrate.

Millon's Test.—Chlorine water, hypochlorite and hypobromite

of sodium decompose it into nitrogen and carbonic acid. It is

easily decomposed into carbonic acid and ammonia (heat, fermen-

tation of urine, acids, &c.); in fact it represents carbonate of

ammonium less two molecules of water.

Nitric acid precipitates the urea in octahedric crystals, in

lozenge-shaped tablets, and hexagons of nitrate of urea; oxalic

acid gives flat or prismatic crystals of oxalate of urea.

Urobiline, CggH^oN^O^.—Yellow amorphous mass; soluble in

water and ether, slightly soluble in alcohol. Fluorescent; pro-

duces absorption bands in the spectrum between b and f. It

does not respond to Gmelin's test.

Uroglaucine, CgHgNO.—Identical with indigo. Derived from

indican. Blue powder, formed of microscopic needles; insoluble

in water and sulphuric acid, slightly soluble in alcohol.

Xanthine, C5H4N4O2.—Pale -yellow amorphous powder or

crystallized plates; scarcely soluble in water, insoluble in alcohol

and ether, soluble in caustic ammonia.
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ANIMAL ELECTEICITY.

1. A Short Account of the Discovert of Animal

Electricity.!

The discovery of animal electricity dates from 1786. It is said

that Madame Galvani, on preparing some frogs for culinary

purposes, observed that the apparently dead animals became

convulsed when brought into the neighbourhood of an electrical

machine in action. Her husband, who was professor of anatomy

and physiology in Bologna, had his attention directed to these

phenomena, and found that the convulsions occurred at the

instant a spark was emitted from the conductor, provided some

metallic substance was in contact with the nerve of the frog.

He tried the same experiment with lightning, and, in the

autumn of the same year, endeavoured to discover the action

of atmospheric electricity on the prepared legs of a frog when
the sky was stormless. On the 20th of September, he suspended

three frogs to the iron trellis-work surrounding the roof of his

house, by means of copper hooks, and saw, when they were

blown about by the wind, that convulsions were caused whenever

they came in contact with the iron. This observation convinced

him that an electrical machine was not required, the same effect

being produced on the contact of dissimilar metals. He at length

concluded that the convulsions were due to inherent electricity,

that is, electricity secreted in and originating from the animal

tissues.

1 Prepared by the author for Hughes Bennett's Text-book of Physiologj'

in 1871.
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Galvjxni published an account of liis experiments in 1791. At
this time the existence of a " nervous fluid," a something which,

if not life itself, was considered inseparable from it, was keenly

debated by the learned, and contended for by the animists.

Galvani's discovery, therefore, riveted the attention of the scien-

tific world—electricity took the place of the nervous fluid, and

the entire source of life, as well as the origin of the bodily and

mental functions, were now ascribed to the existence of a new
principle, which, from the name of its discoverer, was called

Galvanism.

Among the many distinguished men whose attention was
attracted towards Galvani's discovery, the most remarkable was.

Alexander Yolta. He was a physicist and professor of natural

philosophy in the University of Pavia. At first he entered fully

into the views of his countryman, and repeated his experiments.

But in his hands galvanism, instead of taking a physiological

and medical, took a physical, direction. Finding that muscular

contractions in a frog could be produced only by the contact of

dissimilar metals, he at length dissented from Galvani's theory

of animal electricity. Trying by the same means to produce

muscular contractions in the human body, he failed. But on

placing a metal above and below the tongue, he detected a

peculiar taste at the moment of contact. This experiment had
been previously recorded by Sulzer, and laid aside only as

curious, but in the hands of Volta it became the groundwork of

chemical, or what has been called Voltaic, electricity. In oj)po-

aition to Galvani, therefore, he put forth the opinion that the

muscular contractions in the frog had nothing to do with animal,

but were caused by a very feeble artificial^ electricity, which was
produced by the application of heterogeneous metals to the

limbs of the animals.

In reply to this attack, Galvani pointed out that the contrac-

tions might be occasioned by one metal; but Volta then showed

that the two extremities or surfaces of one piece of metal might

be in difl'erent states of tension, and therefore capable of exciting

electricity. Galvani then used mercury alone, to which this

objection could not apply, and dipping the muscles into one part

of a trough filled with it, he thus succeeded in causing contrac-

2 Y
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tions. But Volta, by a new series of experiments, demonstrated

that mercury was always altering under the action of the air, and

that, in conjunction with moisture, it could produce electricity

independent of an animal. It now became necessary for Galvani

to show that contractions took place without any metal at all,

and, aided by his nephew Aldiui, he succeeded in doing so, and,

as he thought, in for ever silencing his formidable opponent. In

fact, he discovered that on dissecting out the crural nerve, but

leaving one end in connection with the leg, and bringing this

nerve in contact with the muscles externally, the latter were

thi'own into distinct contractions. He also caused the limb to

contract by simply bringing the nerve in contact with the

muscle of another animal insulated from the limb.

His theory of animal electricity now was, that it was produced

in the nervous system, and especially in the cerebrum. The

internal substance of nerves he considered to have great con-

ducting powers, but their oily surfaces prevented dispersion

through the body, and allowed its accumulation in the muscles.

These last he compared to a Leyden jar, the outer surface being

negative, the internal positive. The nerve was analogous to the

conductor of the jar. When the nerve connects the inner with

the outer surface, there is a discharge of electricity, causing

irritation and contraction of the muscles.

Volta at first endeavoured to meet these facts by the suppo-

sition of a mechanical stimulation of the nerves, but at length

showed that, if not caused by metals, it was necessary that there

should be dissimilar fluids and tissues which were capable of

exciting electricit}-. It was admitted, even by C4alvani's fol-

lowers, that it w^as essential to the success of the experiment

that the muscle with which the nerve was in contact should be

moistened with blood or some thick fluid, and if by any accident

the limb remained motionless, it was only necessary, in order to

induce muscular contractions, that the parts to be in contact

should be moistened with saliva, brine, mucus, &c., or still better,

with soapy water, and best of all, with an acid or alkaline

solution.

Galvani, in several letters to Spallanzani, endeavoured to weaken
the force of these arguments, as did Humboldt, who showed that
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contractions resulted when the circuit consisted only of nerve and

muscle, without the interposition of blood, mucus, &c. About
this time, 1798, Galvani fell ill, and died on the 4th December of

that year. Volta's experiments, on the other hand, were con-

tinued with unabated energy, and, towards the end of 1799, he

discovered the Voltaic battery, whereby his opinions and the

production of electricity by the contact of metals and a fluid was

•completely proved. This great victor}'-, which Galvani, by his

death, escaped the mortification of experiencing, notwithstanding

the support of Humboldt, Aldini, Pfaff, and a few others, over-

threw the idea of an animal electricity for the space of twenty-eight

years. During this period, indeed, its existence was generally re-

_garded with incredulity ; and the term amnial magnetism, adopted

by impostors, only tended to bring it still more into contempt.

Volta died in 1826, and it is curious that only a year afterwards,

Nobili again revived animal electricity, by demonstrating the exis-

tence of an electrical current in the frog. In the interval of

twenty-eight years. Voltaic electricity made the most wonderful

progress. In the hands of Sir Humphrey Davy, it led to the

most brilliant discoveries in chemistry, and its subsequent appli-

cations to the production of motor power in various ways, and

to communication between distant parts of the earth, constitute

some of the wonders of physical science in the present age.

In 1820, Oersted, a Danish philosopher, discovered electro-

magnetism. He showed that ^vhen a continuous galvanic current

passes along a wire, placed above or below, and parallel to, a

magnetic needle, the latter is immediately deflected. This led

Ampere to construct the astatic needle, and in turn enabled

Nobili to construct a galvanometer, which he rendered ex-

<piisitely sensitive b}'- various improvements. He prepared a

frog after the method of Galvani, and, having introduced its two

legs into two glasses of salt water, he reunited the two vessels by

filaments of moist cotton ; the frog's muscles at once con-

tracted. Eemoving the cotton, he connected the two glasses by

means of the galvanometer circuit, and he observed a deviation

of from 10° to 30°, showing that cm electrical current teas 2^cissinrf

from the feet to the head of the animal. By introducing several

frogs into the circuit, he increased the strength of the current.
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The galvanometer of Nobili enabled physiologists to demonstrate-

that Galvani and Yolta were both right and both wrong. Gal-

vani was right in maintaining the existence of an inherent animal

electricity, whilst he was wrong in supposing that the contact of

two metals with the tissues was a proof of this. Volta, again,,

was right in maintaining that galvanism could be produced

independently of animals, but wrong in denying that electrical

currents existed in them. By the astatic needle, as Du Bois-

Reymond hapjjily remarks, metallic electricity was enabled to

atone for the wrong she had done to her more tender twin sister

in their earlier years.

Whilst Nobili, by his construction of a galvanometer, was of

sucli essential service, he was led into an error, viz., that the

<leflection of the needle was due to thermo-electricity. It was
ten years later, in 1837, that Professor Matteucci, of Pisa, showed

that to obtain a deviation of the galvanometer needle, it was not

necessary to prepare the frog according to Galvani's method. On
connecting any two parts of its body, as, for example, the head

and legs, by means of the galvanometer, he at once obtained a

deviation. In 1841, he advanced the following law: "The in-

terior of a muscle, placed in connection with any part whatever

of the same animal, such as nerve, surface of muscle, skin, &c.,

produces a current which goes in the animal from the muscular

jjart to that which is not so." In this paper, he first described

his muscularjDzTe, consisting of about twenty frogs' thighs roughly

cut across, and arranged end to end. By connecting the stump
of the knee with one wire leading to the galvanometer, and the

section of the femur with the other, the needle was at once

deflected so as to indicate a current passing upwards in the pile

from the knee to the thigh. He considered this to be a current

<lifFerent from the frog current of Nobili, and he held that the

frog had two currents (1) the muscular current (Nobili's) common
to all animals ; and (2) the special current, evolved by the mus-
cular pile, peculiar to the frog.

In 1841, Professor Emil Du Bois-Eeymond, of Berlin,

repeated Matteucci's experiments, and further investigated the

subject with the aid of the most delicate galvanometers, and
other ingenious apparatus constructed by himself. From this
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period a new impulse was given to experimental physiology by
the aid of modern instruments of precision.

2. General Phenomena of Electrical Fishes.i

Certain fishes have special organs for the development of elec-

tricity, by means of which they have the power of communicating

a shock to other animals, a power they use either for self-defeuce

or for paralyzing their prey. The most remarkable of these

fishes are :

—

1. The Torpedo.—This fish, a species of ray termed by natu-

a-alists Torpedo Galvanic, after the celebrated Bologna Professor,

is a native of the Mediterranean. It is sometimes found in the

Atlantic, rarely in the North Sea. Its powers of giving be-

numbing shocks was recognized by fishermen before the days of

Aristotle, who carefully describes them. J. Walsh was the first,

in 1773, to show experimentally that these shocks of the torpedo

were essentially electrical. The electric organs, two in number,

iire large, flat, kidney-shaped bodies, placed on each side of the

head and gills. The organ is composed of a mass of hexagonal

prisms, placed vertically between the dorsal and abdominal

integuments, and each prism is divided by a series of delicate

membraneous plates or diaphragms attached by their angles to

the aponeurotic sheaths separating the prisms. The plates are

separated from each other by a jelly-like albuminous fluid. In

each organ there are from 400 to 1000 prisms, and it has been

estimated that there are about 2000 plates in each prism. This

powerful electric battery, thus divided into compartments, is

richly supplied with large nerves. These are (1) a large branch

from the trigeminal, and (2) four branches from the vagus which

.spring from a large trunk on each side of the forepart of the

medulla oblongata. According to Paccini, the nerves enter the

laminae at the points of their attachment to the prisms, and are

distributed to their under surface, and in the fluid between that

:surface and the next laminae. They ramify here in a very vas-

cular nucleated tissue.. The upper or dorsal surface of the dia-

1 The information here given has been derived chiefly from two papers,

•written by the late Professor John Goodsir {Anatomical Memoirs).
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phragm is negative, while the under surface, on which the nerves

are distribute I, is positive. Each prism is thus analogous to a

voltaic pile. In the torpado the piles are vertical, and the

plates horizontah

2. The Gijmnotus electricus is an eel-like fish, common in the

lakes and rivers of South America, especially in Guiana. It

possesses four electric organs, two on each side, stretching from

the pectoral fins to near the end of the tail. The proportional

size of the electric organs to the body is much greater in the

gymnotus than in the torpedo, the viscera of the animal occupying

only a small portion of the anterior part of the body. Each

electric organ consists of a series of horizontal membranes or

plates arranged in the longitudinal axis of the body nearly parallel

to each other. The organ thus resembles a series of galvania

troughs. Each trough is divided by their vertical laminae or

diaphragms. Each lamina is not simple as in the torpedo, but

according to Paccini, it consists of two layers separated by a

fluid. The posterior layer is a delicate fibrous structure, and in

it alone the nerves ramify. It is the positive element of the-

battery. The anterior is composed of vascular nucleated tissue^

and it is the negative element. The fluid between the two layers-

of the laminae differs in character from that in the interspace

between the jDosterior and the anterior layer of the next lamina^

but both fluids are of an albuminous character. The electric

battery of a gymnotus, therefore, does not resemble a voltaic

pile with one liquid, but a voltaic battery with two fluids. In

the gymnotus, the batteries are horizontal and the plates vertical,,

the opposite arrangement to that described in the torpedo. The
electric organs are richly supplied by the abdominal branches of

the spinal nerves, and it is remarkable that they receive na
branches from the trigeminal and vagus, which supply those from

the torpedo.

3. The Malapterurus electricus, Eassch, or thunder-fish of the-

Arabs, is a native of the i*^ile, Niger, and other African rivers,,

The electric organ forms a layer beneath the skin enveloping the

whole body, with the exception of the head and fins. An insulat-

ing layer of fat separates it from the subjacent muscles. The
iaminse are traversed by numerous very delicate decussating
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membranes, wliicli are divided into lozenge-shaped cells filled with

an albuminous fluid, a large nerve trunk from the commencement

of the cord supplies the organ. This is distributed to the abdom-

inal or posterior surface of the electrical laminse^ forms a conoidal

expansion, and then pierces the centre of the plate, distributing

its branches to the anterior or thoracic surface, which is the posi-

tive one.

4. In addition to these, the Mormyrus longipinnis, a fish allied

to the pike family, found in the Nile ; the Rhinohatus electricuSy

a ray from Brazilian waters ; the Teiraodon electricus, an eel also

found in the Nile ; and the Trichiurus electricus, a ribbon-like fish

found in the Indian Ocean, are said to possess electrical properties,

but not to the extent manifested by the three fishes we have more

particularly described. In the common skate, Raia batis, there

is an organ, first described by Dr. Stark in 1844, and afterwards

b}'' Robin, which structurally resembles a voltaic j)ile ; but its

electro-motor power has never been tested.

General Properties ofElectric Fishes.—The electricity generated

by these fishes has considerable tension, and is capable of develop-

ing the electric spark, of magnetizing steel, of decorai30siug iodide

of potassium, and of affecting a galvanometer. In order to re-

ceive a shock, an animal must be in communication with the

electric fish at two points, so as to complete the circuit, but the

circuit may be completed by the earth. According to Matteucci

and Savi, an insulated frog's leg does not contract when the ex-

tremity of the nerve attached to it is brought in contact with a

torpedo, but the instant a second point of contact is made, power-

ful contraction ensues. Matteucci also found that while the electric

organ was in operation no current traversed the nerves. Accord-

ing to Bilharz, the nerves are always distributed to the positive

side of the electric plate, a law which anatomical researches has

fully confirmed. Thus, in the torpedo, the electric current passes

from the belly to the back ; in the gymnotus it passes from the

tail to the head, and the most powerful shock is experienced m\

grasping the head with the right hand and the tail with the left.

As the hands are approximated the shock becomes weaker. In

the malapterurus the current flows from the head to the tail

The gymnotus transmits a more powerful shock than the torpedo,
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and Humboldt states tliat so powerful an animal as tlie horse

may be killed by a full-grown gymnotus.

The phenomena manifested by electric fishes are of great

interest, because they afford an instance of the relation existing

between vital and physical forces. That the organs can develope

electricity to a considerable amount only when provided with a

proper nervous supply, is proved by the fact that when the

nerves are divided no shock is transmitted, but on irritating the

distal end of the nerve, the electric discharge is at once felt.

Matteucci, however, states that when a fragment of the electric

organ of a torpedo was brought into connection with a galvano-

meter, the needle was deflected to an angle of from 20° to 30°,

indicating that for a time the electric organ retains a j)ortion of

its activity even after all nervous and vascular connection had

been severed. The nerve influence, transmitted from the ner-

vous centres of the animal, probably excites, in some way or

other, nutritive changes in particular portions of the battery,

electrical disturbance is thus occasioned, and a current passes

through the structure. This is produced, according to Du Bois-

Eeymond, by the same polar action as exists in muscles. As the

battery in all electrical fishes is imperfectly insulated, being

surrounded by water—a good conducting medium—a large

quantity of electricity is lost by diffusion, but so much electricity

is evolved that the animal can afford to lose a proportion of it.

When, as a result of irritation, a torpedo sends a shock into the

body of an animal, the mechanism of the act is that of a reflex or

diastolic action ; and, it is confirmatory of this view, that such a

poison as strychnia, which excites the reflex motor centres,

causes the electric organs to emit a quick succession of involun-

tary electric discharges, a fact observed by Matteucci and Savi.

But the action is also under the control of the will of the animal.

In transmitting several powerful shocks the electric organ is

rapidly exhausted, and the animal requires an interval of repose

and nourishment to recover the loss of nervous energy it has

sustained.
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APPENDIX C.

BEFEEENGE TABLES OF SIZE, WEIGHTS, AND
SPECIFIC GRAVITY,

Arranged b?/ John Barlow, M.B,, Muirhead Demonstrator iti

Physiology in the University of Glasgow.

I.

—

Size and Weight of different parts of Body.

1. The Nervous System.

Length. Breadth. Thickness. Weight.

1
Medulla

Brain, ^ Cerebellum, . 3

( Cerebrum, .

liia. liu. iin. 1 oz.

^-4 in. 21 in. 2 in. 5 oz.

,44 oz.

50 oz.

^Spinal Cord, 17 in. fin. Sin. lioz.

2. The Digestive System.

a. The Canal.

Length. Breadth. Weight.

Pharynx, 4|in. — —
<Esophagus, 9 in. — —
-Stomach, . 10-12 in. 4-5 in. 5 oz.

Duodenum,

.

12 in. 1-^2 in. —
Jejunum, 8 ft. — —
Ileum, 12 ft. — '

—

<^£ecum. 21 in. 2iin. —
Appendix vermif

.

,

3-6 in. — —

.

Colon, . 5 ft. — . —
Rectum, 7 in. — —
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b. Qlands connected w'dli the Canal.

Leiigtli. Breadth. Thickness. Weight.

Parotid, . . . — — — 5-8 drs.

Sublingual, . . — — — 21 drs.

Submaxillary, . — — , — Idr.

Tonsils, . . . -^- in. iin. ^- in. Idr.

Livei-, . . .10-12 in. 6-7 in. 3i- in. 50-60 oz.

Pancreas, . . 6-8 in. ]14 in. i-1 in. 2-3oz.

3. The Vascul 4.E System.

Length . Breadth. Thickness. Weight.

/ Spleen, , . . 5 in. 3-4 in. 1-U in. 5-7 oz.

Blood ) Suprarenal capsules, H in. \i in. -I
in. 2 drs.

Glands,
j
Thymus glaiul, . 2 in. l|in. fin. 1-2 oz.

'Thyroid ,, . 2 in. \i in. Sin. 1-2 oz.

Heart, . . . . 5 in. 3i in. 2|in. 11 oz.M.;i9r.i

Circumference ) Aunculo ventricular,
j ^^^^

of Orifices of > , ,^. /,
Heart, ^Arterial,. . •

j ^^^f

'

. 4-6 in

. 3-10 in

. 3-4 in

3 in

. M, ; 4 F.

. M.; 3-7 F.

. M. ; 3-3 F.

. m.;2-10f.

4. E.ESPIRATORY SYSTEM

Length. Breadth. Weight.

Trachea, . . . 4| in. 1-1 in. —
Bronchus, j

^^^S^^^' ' ^
"^•

Left, . 2 in.

iin.

8 i"-

—

Vocal Cords, . . 7 lines m.; 5r. — —
Lungs,

j ff '> • -
Left, . — —

24

21

oz. M.; 17 F,

oz. M. ; 15 F.

5. UeINAEY and EePPvODUCTIVE Systems.

Length. Breadth. Thickness. WeigM.

Kidney,.... 4 in. 2i in. l^in. 4J oz.

'B\QAdiQT[moderatehjdistended),Ti in. 3 in. — -—

Prostate gland, . . 1|- in. \l in. lin. 6 drs.

Testes, .... U in. H in. lin. 6 drs.

Uterus, . . . . 3 in. 2 in. lin. 7-12 drs.

Ovary, . . . . 1^ in. f in. A in. 1-2 drs.

Vagina, . . . . 4-6 in. — — —
Penis, . . . . 7 in. — — —

1 M., male; f , female.
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II. —Size of different Histological Eleme>:ts (Glands, Cells,

Tubes, and Fibres) in fractions of an inch. They are

arranged alphabetically.

1. Glands.

Grastric,

Lieberkitlin,

Malpigliian Body,

Payer's patches,

in spleen,

in kidney

2. Cells.

in. diameter^

broad.

Breadth.

Air cells,

Blood corpuscles, coloured, of man,

.

foetus,

elephant,

musk-deer,

camel,

pigeon,

frog, .

proteus,

pike,

shark,

earthworm

leech.

Blood corpuscles, colourless, of man,

Cartilage cells,

Cilia,

Chyle corpuscles.

Chyle molecules,

Epithelial cells,

,, ,, nuclei of,

Fat cells, .

Lacuna of bone,

Pus cells,

.

Ovum,

,, germinal vesicle of

,, germinal spot of.

Spermatozoa, .

,, body of,

Titt-tV in.

S^o-o in.

ssVo in.

-s^Vir in.

-cuVu in.

7,^17 - 5T)¥ in.

Wtt- ITiOlT in.

W.y- 22V(r in.

4^0 -tItt in.

7 oT)7
-
S-bUU in.

Tl^TT- lUST in.

T^-TT- T^Vrr in.

lI"DU"o in.

1 . J in
'HUO -2 500 •"•

^ "oTTo ll^-

J __} in
oIHT y 5 u ''^•

1

iDolT in.

gTu (nTu

Thickne

in. lon^

in. broad.

;3'Vir broad.

TTRJ in.

' in. lone
riFO

ToOOo' in. diameter. —
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IBloodvessels,
Fine,

Medium,

Capillaries,

Canals, Haversian, .

'Canaliculus in bone,.

Dentine, .

Urinary tubules,

Enamel, .

Muscle, striated,

,, strioe of,

Nerve fibres, white,

»j grey,

White fibrous tissue.

Yellow elastic, .

Tubes.

Fibres.

T^ins • -m ill- diameter.

o"o ToU"

oTTTTO" " 1

in. diameter.

III.—Measures of Length of various Ducts and Canals in

the Human Body.

In. In.

Bile duct, . . 3 Testicle {vas deferens), . 20
Cowper's gland, duct of. • n Eustachian tube, . 11
Ejaculatory duct, . \i Meatus auditorius externus,

.

li
Hepatic ,, .

Nasal ,, .

. 2

• 1
^-'>^-.

1 Fetie. : ;

8
li

Parotid „ . . 2^- Ureter, .... 16
Submaxillary ,, . . 2

IV.

—

Size of the more important parts in connection witli

Organs of Special Sense.

Cochlea {Waldeyer).

Lamina spiralis membranacea: total length in man. 30 mm.

Keissnerian membrane, length of,
j
2"^^^ "^^^^ '

f^^
micro-mm.

Distance between the bases of the pillars of Corti, 66-70

Height of the arches at centre, . . . . 12

18
6-9

External hair cells : total length with basilar process, 6-7

1st turn.

Cell bodies of the inner hair cells,
| {f^^f^^

*



MEASUREMENTSSPECIFIC GRAVITY. ^IJ

Kumber of tlie foramina nervina,

,

,

internal pillars, .

,, internal hair cells,

,

,

external hair cells,

Note.—A micromillimetre =

3,000

4,500

3,300

18,000

of a millimetre,

COENEA.

Cornea proper, .... thickness, 1 mm.
Extl. epithelium

,, 30 micro-mra..

Descemet's membrane, . . . ,, 8-10 ,,

Gustatory Organ.

Length of gustatory bulb, .... 80 micro-mm.

Breadth ,, ,, .... 40

Width of gustatory pore, . . . . 3 ,

,

Eetika [SchuUze).

Rods,
length,

thickness,

Cones in fovea centralis: thickness at base,

,, elsewhere, .....
Distance between cones,....
Distance between strise on rods,

Touch.

End bulbs, .

Pacinian bodies.

Touch

CO micro-mm.-
2

3 ',!

6

8-10

•3

42 micro-mm.

130

85

Y.

—

Specific Gravity of various Constituents of Body-

Water = 1000.

Lungs, . 342 Serum, . . 1026
Eat, 924 Milk, . 1030
Sweat, . 1004 Grey matter of brain. 1034
Saliva, . 1006 White 1040
Cerebro-spinal fluid, 1006 Cartilage, 1050
Liquor amnii, . 1008 Kidney, . . 1052
Intestinal juice, 1011 Blood, . 1056
Pancreatic ,

,

1012 Liver, 1056
Muscle, . 1020 Ecetal lungs, . 1056
Urine, 1020 Spleen, . . . . 1060
Bile, . . . 1020 Body (entire),

.

1065
Lymph, . 1020 Blood corpuscles, . 1088
Gastric juice, . 1023 Bone, . . . . 1900'

Chyle, 1024
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APPENDIX D.

ON THE MEASUEEMENT OF THE CUEVATUEES OF

THE COENEA AND LENS, AND THE USE OF THE
OPHTHALMOMETERS

The cornea being a refractive and reflecting structure, acts both

as a lens and as a convex mirror. It acts as a lens by refracting

to a slight extent ra^^s of light passing through it, and it acts as a

convex mirror by reflecting rays of light from its surface. It is

the latter property that is taken advantage of in the method of

making accurate measurements of its radius of convexity.

Formation of Images hy Convex Mirrors.—The image produced

by a convex mirror is an erect image apparently placed behind

the mirror. This will be understood by
referring to Fig. 201. Here A B is a

convex mirror, and C is the centre of the

circle of which C F is the radius, and

A B is an arc. If the eye of the observer

be placed at E, a reflected and erect

image of the arrow M N will be seen at

711 n, but reduced in size. Of the nume-

FiG. 201.—Reflection bj' a
convex mirror.

face of the mirror, only a few can enter

the eye, and those which do, such as

DE, FE, GE, and HE, are so re-

flected that the angles of incidence and reflection are equal.

The ray M D is reflected in the direction D E, the angle

-of incidence M D N being equal to the aagle of reflection

^ Written by the Author for Kughes Bennett's Textbook of Physiology.
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N D E. The same is true of the rays M F, N H. By
carrying back the rays E D, E F, they will be found to meet at

the point w, and they will appear to an eye placed at E as if they

liad come from their focal point m. In the same way the rays

E G, E H, will apparently issue from n,— all the points compos-

ing the image m n being foci conjugate to the points composing

the object M N. The small image m n will therefore be the vir-

tual image of M N. By drawing the lines M C, N C, it will also

be found that the virtual image ra n is always within those lines,

hence the image is erect and always smaller than the object. It

is important also to recollect that the size of the image m n is to

the size of the object M N as the distance of the image from the

centre of the mirror m C is to C M, the distance of the object.

The image m n will recede from the surface of the mirror, as the

object M N recedes from it, and when the object M N is inde-

finitely distant, as it often is in the case of objects placed before

the cornea, the image m n will be situated about half-way be-

tween the mirror and C, that is at a point corresponding to half

the radius of convexity. It follows also from this, that the

greater the degree of convexity of the surface of the mirror, the

smaller will be the virtual image, a fact which may be easily de-

monstrated by comparing the sizes of the reflected images in con-

vex mirrors of different degrees of convexity.

Formulafor Calculating Radius of Curvature of Cornea.—When
we apply these principles to

the cornea, we find that it

-acts as a convex mirror,

having a virtual image be-

hind it at a point situate 1

at a distance of half the

radius of its convexity. The

size of the image must be

measured, and from its size

the radius of curvature may

be calculated thus :

Let C D in the above

figure be the cornea, and E F H its optical axis. The object

A B, placed before it, will be reflected by its surface, so that its

Fig. 202.—Diagram iLlustraling the estima-

tion of the radius of curvature of a convex
reflecting surfuce.
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virtual image will be a h, placed at F, that is at a distance of

half the radius E G. Draw the lines A 5, B 6. The object A B
will be to the image a 6 as the distance H G is to G F, that is

half the radius. Let E = the radius

—

AB:a6::HG:GF (that is half E)

llQc X ahIE
A B

OrE /HG X ah\

Thus let A B = 1000 mm. ; ah,l mm.; and H G, 3800 mm.;

what is the radius of curvature ?

iE = 3800 X 1

1000

E = 3-8 X 2 = 7-6 mm.

Optical Principles of the Ophthalmometer.—The instrument hj

means of which we measure the size of the reflected image on

the convex surface of the cornea or lens is termed the Ophthal-

Fio. 203.—Diagram illustrating the optical principles of the OpMhalmometer.

mometer {offiOaXfios, the eye
;
fi^Tpov, a measure). This ingeni-

ous instrument was invented by Helmholtz. In order to
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understand its practical application, it is necessary, in the first

instance, that we examine the optical principle on which it is

•constructed. When a ray of light falls perpendicularly on the

surface of a glass plate, it passes through it without under-

going any refraction. If, however, the plate be held obliquely

to the direction of the ray, as seen in the accompanying figure,

•we obtain a different result.

Here A B C D in the above figure represent a plate made of

flint glass, having the ray a c impinging upon its surface. It is

refracted in the direction c i, and on passing again from the flint

glass into the air, it is a second time refracted in the direction

* ly—1 1 being parallel with a c. Draw a line perpendicular to

A. B, namely n c, and continue it to k. The angle a c n is, equal

to the angle m i I, being produced by parallel lines falling on

parallel surfaces. The angle a bears a ratio to the angle fS,
—

the angle of refraction. The index of refraction of flint glass

is 1-6. Hence the sine of the angle a = 1'6 (sin p). Conse.

<[uently, if the eye be situated at I, the point a will not be seen

^t a, but at 6, in the direction of the line I fh. The glass plate,

therefore, effects a displacement of the point a to the right, and

to an extent indicated by the length of the line a h. As yet we
do not know the length of a b, but it may be represented by the

line cf, which is equal to a b by parallel lines. The line c/we
will term e. In the triangle cfi, c/is opposite to the angle c if,

iind c I is the hypothenuse, therefore

—

€ . . J.—
.
= sin c t /.

^ind therefore
e = ci.^mcif.

But e has not yet been measured, neither do we know the length

•of c I, nor the angle c if. We must now find c i. This line is,

4\s the figure shows, the hypothenuse of a triangle c i k ; and one

of the sides of this triangle, c k, is equal to the thickness of the

glass plate, which we will term P. The line c h is adjacent to

the angle c i I; and hence we get

—- = COS R,
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by multiplyiug c i, we have

P = cos /5 . c iy

wherefore p
c i = .

cos p

Now w^e know that P equals the thickness of the glass plate^

and that the sines of the angles a and P are in a known ratio.

But by substituting the value of c i in the previous equation^

we have -n

cos /i
sin c if.

We see now that the c if equals h if— h i c ; but Ji if equah^

the angle of incidence a, in that their sides are parallel ; and hi c

equals tho angle of refraction (3, because they are alternate angles.

Therefore c z.'/ equals a-/?, and sin cif= sin {a-/3). We-

have therefore the following formula : {e representing the

amount of displacement of the i:)oiut a towards h, and P the-

thickness of the plate).

p(sina— /i)

cos jd

But as there are two such plates in the ophthalmometer, we^

liave the complete formula, in which E will equal the total dis-

placement.

sin {a~P)E = 2P
/3

The use of the ophthalmometer, therefore, is to supply u.<*

with the angle a^ and as we know the thickness of the glass-

plates, and the index of refraction between air and flint glasi*

(namely r65), by applying the above formula, the amount of

lateral displacement may be ascertained. Suppose the thickness-

ofthe glass plate to be '325 mm., the index of refraction 1-65^

and the angle of incidence Q", we find, by the use of logarithmic

tables, that /? = 3° 37', very nearly. Therefore a -/? = 6' - 3° 73'

_ 2° 23'. This gives, on referring to the tables, e = 0'027

mm. very nearly.
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Desci'iption of the Ophthalmometer.—This instrument consist.^

of a telescope suitable for short distances. It is illustrated by

Fig. 204. The axis of the telescope coincides with the plane of

separation of the two glass plates b b, c c. If with this instrument

Ave look at an object of the size x y, and turn the glass plates so that

the two images xy,xy touch, the size of the image x y will be half

the distance between the points x and

?/, a distance which can be ascertained

hj measuring the angular displacement

of the two plates. In the fig. to the

left, it will be seen how the ray pro-

ceeding from A is deflected in passing

through the plates b b, c c, so that an

eye placed at the position of the upper

A would see the lower A not at e but

at A, that is a little to one side.

Mode of using the Ophthalmometer.—
The first requisite for ophthalmometric

observations is a room having the

walls blackened, and from which all

sunlight can be excluded. The oph-

thalmometer is placed at a distance of

ten feet from the eye under examina-

tion, and on a level with it. The

object to be reflected on the cornea,

until recently, was the distance be-

tween three candle flames placed beside

the experimenter, two being on his

right hand and one on his left. fig. 20i.-Ophthaiu,ometer ot

WoinOW has, however, now substi- Heimholtz, See text.

tuted for this an apparatus consisting essentially of three small,

rectangular oniiTors fixed by universal joints to a graduated

wooden rod about four feet long. The distance between the

mirrors may be regulated by sliding them in moveable sockets

along the rod. In the centre of the rod there is a circular move-

ment round a graduated scale, so that the rod may be placed ver-

tically, obliquely, or horizontally, according as it may be

desirable to obtain images in a vertical, oblique, or horizontal
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meridian of the cornea. This mirror-apparatus is screwed to a

table immediately in front of the ophthalmometer. A candle

flame is now placed on the right or left hand side of the eye to be

examined (for the right eye on the right side and for the left eye

on the left), as near it as possible, and on the same plane, a dark

screen intervening, so as to protect the eye from the glare of

light. The experimenter now throws, by means of the mirrors,

a reflection of the light from each mirror upon the eye. He then

places his own eye to the telescope of the ophthalmometer, and

by carefully focusing the instrument, and directing it to the

eye under observation, he sees three minute specks of light, thus
"* "^ * on the cornea. The vernier of each scale of the

ophthalmometer is now at zero. Then, by turning rotating screws,

the glass plates in the interior of the box are placed obliquely, and

the motion is continued until six small specks of light are seen

thus :

—

-X- -^ ?? -ff- -Jf- ^

1 a 2 h 3 c

Here the asterisks numbered 1, 2, 3, represent one-half of the

amount of displacement in the one direction, and those marked

a, b, and c, half the displacement in the other direction. Thus

the three original images have been displaced through a distance

equal to that between the two extreme images. The number of

degrees through which the plates have moved are now read off,

giving the angle of incidence, and by means of the calculation

above described, the size of the image is ascertained. The fol-

lowing measurements are now made : First, the distance between

the upper and lower reflecting mirrors—this gives the size

of the object ; and second, by a tape line divided into milli-

metres, the distance from the anterior surface of the cornea to

the centre of the apparatus bearing the mirrors ; but as these

reflect rays of light from the candle flame, this measurement

must be doubled. We now know the size of the object, the

size of the image, and the distance of the object from the

cornea ; and from these data, by the formula already given,

the radius of curvature is easily calculated. (For an example,

see p. 720).
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Donder's Method ofusing the Ophthalmometer.—This is an easier,

though a less accurate, mode of measuring reflected images. It

consists of 231'eparing a scale, in which each degree, or fraction

of a degree corresponds to a certain size in millimetres. The

mode of constructing it is as follows : Place a small white

ivory scale, divided into tenths of a millimetre, at a distance

of ten feet from the ophthalmometer. Turn the plates until

the lines on the scale diverge and ultimately pass through any

given distance, say yV of a millimetre, \^ i,
\, ^, |, f, or 1

millimetre. The number of degrees corresponding to each of

these displacements is noted, and thus a scale, by numerous

observations, may be readily constructed. Observations are to

be made on the living eye as described. When the distance

between two reflections on the cornea, representing the images

has been displaced through its whole extent, the number of de-

grees are noted, and on referring to the scale of measurement

prepared as above, the size of the image is at once known.

Measurements made hy means of the Ophthalmometer.—We give

here various measurements in millimetres made by means of the

ophthalmometer, which are intended to serve as standards of

comparison for students or others who may make a special study

of, and devote time to, the subject -.^

Myopic eye. Hypermetropic eye.

Woinow.

Presbyopic eye.

Adamuck and
Jf^oiTiozv

»

Optical Coxstants.

Accom- Accom- Accom-
Rest moda-

tion.

Rest. moda-
tion.

Rest. moda-
tion.

Radius of cornea, . 7-2053 7-2053 8-00747 8-00747 7-15568 7-15568

Radius of anterior surface
of lens. 9-0641 5-0296 9-3785 5-2904 10-2021 8-5975

Radius of posterior sur-
face of lens, 6-4988 5-0855 6-2480 4-9714 6-2156 5-0001

Distance of anterior sur-
face of lens from the
cornea, 3-4786 2-8432 3-6175 3-0028 3-23731 2-98985

Thickness of the lens, . 3-6225 4-2579 3 -5825 4-1972 3-96269 4-21015

Focal distance of the lens, 43-133 30-939 44-9616 31-185 46-357 38-1513

Index of refraction of the
cornea,aqueous humour
and vitreous humour, . l-3465t .... .... ....

Index of refraction of the

j

lens, .... 1 -45451 .... ....

M. Woinow, Ophthalmometrie, "Wien, 1871. f Helmholtz, Physiologische Optik.
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APPENDIX E.

ON SOME OF THE OPTICAL AERANGEMENT3

OF THE EYE.i

These have been described generally at p. 565, bnt there are

certain theoretical points not discussed in sufficient detail to be

of much practical use, but which ought to be familiar to every

student of phj'siological optics.

1. The Calculation of the Focal Distance of a Lens.—The

distance of the focal point depends on {a) the refractive power of

the lens in relation to the medium from which rays enter it

{n : 1); (6) the degree of convexity of the two surfaces of the

lens, which is expressed by the length of the radii of the spheres

of which they form a part; and (c) on the distance of the object

from the lens. The formula for the focal distance is

—

n - 1 n- I 1 1

/ «

Here n — the refractive power of the lens, or the ratio of the

sine of the angle of incidence to the sine of the angle of refrac-

tion, which, in the case of glass receiving rays from air, is 3 : 2

3 . 3
or ". For air and glass, therefore, n~\=~~l. Again, /and g

are the radii of the convexities of the lens; a is the distance of

the luminous object from the lens, and a is the desired focal

distance. Suppose rays to pass from air into a glass lens, the

^ In arranging this part, the author has made use chiefly of Miiller's

Physiology and Wundt's Physique Medicale.
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radii of the convexities of wliicli are 10 and 12 millimetres, and

the distance of the lens from the luminous point 100 millimetres,

then

—

3 3

2"^ 2_7^_ 1 1 ,3_1/1 1\ 2_, J
To 12 100 x^^ 2 VlO 12/ 100 ./

For parallel rays, as the distance of the luminous point may he

<3onsidered as infinite, - = 0, and the formula for findin(}c the

focal distance will be

01 - \ 11—1 _ 1
^

/ 3
or if a be used to designate the focal distance for diverging rays,

the formula for the focus of parallel rays will be

n — \ n — \ 1— .- + - .
= •

f 9 P
Again, if Ave combine the formulas for finding the focal point of

diverging rays with that for the focal point for parallel rays, half

of each equation is got rid of, as it is the same, and we have

1 1 1
- = - + -,

/> a a

p being the focal distance for parallel rays, a the distance of the

himinous point, and a the focal distance for diverging rays. If

we know, then, the focal distance of the lens for parallel rays,

iind the distance of the luminous point, the equation will be

« = ^, or " the focal distance of the image of any luminous

point is found hy multiplying the distance of the object from the

lens by the focal distance for parallel rays, and dividing the

product by the difference between them."

2, Refraction and Formation of an Image.-—These may be

understood by studying Fig. 205.

Suppose rays to emanate from the object 1, 5, 3, those pro-

<3eediug from 5, in the directions 5, 10, 5, 9, and impinging on the

icurved surface 10, 8, 9, having a different refractive power, are

a-eunited at 6, in the direction of the lines 10, 6, and 9, 6; the
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principal ray, 5, 8, is not refracted. The amount of deviation of

the other rays depends (1) on the ratio of the rapidity of trans-

mission of light in the two media; and (2) on the angle whicb

each of them makes at the point of incidence with a perpen-

dicular, as at 3, 9, 7. Here 7 is the angle of incidence, and the-

angle 9, 4, which the refracted ray makes with the normal from

the point of incidence, is the angle of refraction. The angle of

incidence being «, and. the angle of refraction p, the ratio they

bear to each other, denominated n, is ?i = "-^

—

-', and if n = the

index of refraction of the first medium, and n" that of the second,

the ratio is n = ~r,-n

Fio. 205.—The action of a curved, transparent surface between two media.

Now, on looking at Fig. 205, it will be seen that the rays frona

1, in the direction of 1, 10 and 1, 9, are focused at 4, and those

from 3, in the direction 3, 10, 3, 9, at 2. Thus a small and real

image, 2, 4, is formed. A real image is produced when the

luminous rays cross directly; and the image is said to be virtual

when the rays only cross when prolonged. The points 1 and 2,

3 and 4, may be called conjugated. The line 5, 6 is the optical

axis, and the point 5, on this axis, in front of the refractive

medium, from whence rays emanate which remain parallel to the

axis after refraction, is the anterior focal point; the point behind

the refractive medium where rays meet which w^ere parallel

before their refraction, is the posterior focal point; and these twc
points are conjugate.
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3. Action of a Convex Lens.—The refraction of liglit by a

convex lens depends on the refraction of its two surfaces; but it

is to be observed that when a ray, de, as in Fig. 206, passes from

a rarer into a denser medium, it approaches the normal a b, and

passes in the direction ef; and when it issues from a denser inta

a rarer medium, it is hent fro7n the normal c6 in the direction

fgf. Consequently, we may replace the action of one lens by that

of another having surfaces of a greater degree of convexity, or by

one having a greater refractive power. Such lenses form small

and reversed images of distant objects.

4. Certain Optical Measurements and Values as regards the Eye..

a. The Cornea and Lens.—Its curvature is a curve in which

all the meridians passing through the centre have nearly an.

Fio. 206.—A convex lens.

elliptical form, and in which the radius of curvature from the-

summit of each ellipse is nearly constant. The mean radius is

7*5 mm. The radius of curvature of the anterior surface is from

7 to 9 mm., and that of the posterior from 5-3 to 6*9 mm. The

distance of the summit of anterior surface of the lens from that

of the cornea is 2'9 to 3*1 mm.; that from the posterior surface

of lens to cornea, 7*1 to 7'5 mm.; and the thickness of the lens,

4 to 4'6 mm. Helmholtz, Knapp, and Woinow have made
elaborate measurements of the radii of curvature, etc., of the-

cornea in different meridians, so as to ascertain its exact form,

Knapp has shown that the curvature of the vertical meridian^

does not coincide exactly with that of the horizontal meridian..

Thus, in the following table, which gives Knapp's measurement
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\\\ mm. of the cornea of a lad of fifteen years of age, r = the

radius of curvature in the vt-rtical axis, and r^, r^ = 2 radii at

points situated 21° 15' to the right, to the left, and above and

lielow the summit of the cornea:

—

r. i-i. *-2.

Horizontal, 8-0668 8-2802 8-8148

Vertical, 8-2572 8-6929 8-7856

n. Cornea. Aqueous. Vitreous,

Brewster,. . 1-3358 1-3366 1-3394

Krause, . . 1-3342 1-3507 1-3420 1-3485

tlelmho]itz, . 1-3354 .. 1-33G5 1-3382

b. Refractive Powers of the various Media.—The followiag

ta,ble gives the indices of refraction found by Sir David Brewster,

Krause, and Helmholtz ; n = the index of refraction of distilled

•water:

—

Lens.

External Middle vr„„,„„„
Layer. Portion.

-'*"«^^"«-

1-3767 1-3786 1-3830

1-4053 1-4294 1-4541

1-4189

Helmholtz found in two cases the focal distance of the lens

bathed in the aqueous humour to be 45-144 mm. and 47-435

respectively.

5. The Cardinal Points or Constants of the Eye.—These are:

{a) two focal points. Every ray which, before refraction, passes

through i\iQ first focal point, becomes^ after refraction, parallel to

the axis; every ray which, before its refraction, is parallel to the

-axis, passes after refraction through the second focal point; and

all rays passing through a perpendicular plane cutting the axis at

the first focal point are parallel after refraction; (6) two principal

points: every ray passing through the first point before refrac-

tion, passes through the second after refraction, and every ray

which passes through any point in a plane perpendicular to the

-axis at the first principal point, passes through a corresponding

point in an analogous plane cutting the axis at the second prin-

cipal point; the second principal plane is therefore the image of

the first principal plane; (c) two nodal points; and {d) focal

lengths, for a definition of which see p. 566.

6. The Course of Rays through such an arrangement.—This

.may be studied Avith the aid of Fig. 207. Let 8 and 9 be the
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two focal points, 10 and 11 tlie two principal points, and 13 ami

14 the two nodal points; then (1) a ray, 1, 4, meeting the first

principal plane, 4, meets the second principal plane at 5; (2) a

ray, 1, 13, directed to the tirst nodal point, after refraction, is

14, 15, passing through, the second nodal point parallel to its first

direction; and (3) two rays, 3, 4 and 3, 12, passing from 3

through the first focal plane, are parallel after refraction, and

become 5, 6 and 3, 12.

With these principles, it is not difficult to determine the

direction taken by any ray after refraction, and the point where

any luminous object forms its image. Suppose 1, 4 to be the

ray which we wish to tratee after refraction : draw a perpen-

dicular line from 4, where the ray strikes the first principal

plane, and we reach 5, or the second principal plane ; after

Fig. 207.—Diagram showing the course of rays of light through a
refractive medium.

refraction, therefore, the ray will pass through the point 5.

Then fix the point 3 from whence the ray, before refraction, cuts

the principal focal plane. From 3, also, another ray 3, 13 passes

to the first nodal point 13, and after refraction is continued as

14, 7. But, as above stated, all rays passing through the point

3, in the first focal plane, are always parallel after refraction,

and the ray 1, 4 is, therefore, after refraction, parallel to 3, 12.

The ray 1, 4 must pass through 5, and its direction after re-

fraction will be 5, 6. Again, from the point 2 there is a ray

2, 16, parallel to the axis, and a second ray, 2, 11, passing through

the first nodal point. The ray 2, 16, jjassing from 16, situated in

the second principal plane, comes to a focus at 9 ; the ray 2, 13
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becomes 2, 17 after its refraction; auci the two rays, 2, 16, 17 and

2, 13, 17, meeting at 17, will form there an image of the point 2.

7. The Schematic Eye.—Listing has, from a consideration of

the radii of curvature of the refractive surfaces, and of the index

of refraction of these media, determined these 6 cardinal points

with reference to the human eye, and has thus theoretically

constructed an ideal or schematic eye. The measurements in

millimetres from the summit of the cornea of such an eye are

—

21746
2-5724

First principal point,

Second principal point, .

First nodal point, .

Second nodal point,

Anterior focus.

Posterior focus.

Anterior focal length.

Posterior focal length, .

Considering the very short distance between the two principal

points, only 3978 mra., a simpler or reduced theoretical eye may
be formed having the following measurements : Principal points^

2*3448 mm., behind summit of cornea ; nodal points, 7'4969 mm.;

I Difference 0-3978

'Jlggg I
Difference 0-3978

12-8326

22-6470

15-0072

20-0746

FiQ. 208.—Diagram showing line of ray of direction, &c.

anterior focal length, 15 mm.; posterior focal length, 20 mm.;
refracting surface, having a radius of curvature of 5 mm., is 3 mm.
behind cornea, and refractive index is ^.

8. Terms used in reference to Direction of Rays.—In Fig 208,

a reversed image of 1 2 will be formed on the retina at 4 5.
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The lines passing through the nodal point 3 are the lines of

direction ; it will be observed that the lines of direction cross

at the nodal point. The ray which falls on the yellow spot,

that is in the field of distinct vision, is the visual axis. It is

situated about 2 degrees to the inner side, and a little above

the optical axis of the eye. By following the path of the lines

of direction, we can understand how an image is formed on the

retina„ but they do not accord with those along which we
project our sensations into the outer world. These may be

termed the lines of sight, and the angle they form is the

visual angle.

9. Measurement of Acuteness of Vision.—This is done by em-

ploying letters of various sizes which are read with a visual

angle determined by the distance d. Such types as those of

Jaeger and Snellen are of such a size as to be seen distinctly

by a normal eye at a certain distance, D, usually expressed as

3, 4, 6, or 15, &c., Paris feet; all in an angle of 55 minutes.

Acuteness of vision, A, is expressed thus, A = p. . d = J) would

€f course express normal vision.

10. Degree of Astigmatism.—This is measured by the difference

of the refraction of the two chief media. Thus, if f^ = the

greater focal length and /^ = the smaller, then the amount of

xistigmatism will be AS = -^ — >7,. The optical correction for

Astigmatism is made by cylindrical glasses which act only on

one of the meridians. If - = the refractive power of the lens,

this added to that of the meridian of the minimum of curvature,

"will make the focal length equal to that of the meridian of the

maximum of curvature. When the amount of astigmatism

•does not pass tS, it is regarded as normal and no glasses are

employed.
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APPENDIX F.

EELATION OF METllIC SYSTEM TO ENGLISH

MEASURES.

C-VrACITY.

1 Litre, .

4'54 Litres,

Linear Measure.

1 Metre, .

25-4 Millimetres,

3*05 Decimetres,

1 Centimetre, .

1 Decimetre,

\YEIGnT.

1 Gramme,

1 Kilogramme, .

0*065 Gramme, .

31* Grammes,
0"45 KiloOTamme,

= 1| pints.

= 1 frallon.

39-3 inches.

1 iucli.

1 foot.

I of an incli

3-93 inches.

15 '43 grains.

32-15 Troy ounces, or 35*27

Avoirdupois ounces.

1 grain.

1 ounce.

1 pound Avoirdupois.

Note.—Many of the measurements in this volume have been
given according to the metric system. In the author's opinion, it

M'ould be a great gain if this system were adopted in all scientific

trea,tises in this country. At present, it is difficult for the student
to form accuiate ideas of dimensions, weights, and of capacity in

the terms of the metric system, as his teachers in the preliminary
subjects frequently do not employ it. The author has therefore

given the above rough table, and he would refer the student for

details to Hofmann's Lectures on Chemistry, 1865, where he will

find a complete account of the principles of the metric system,
which, from its simplicity, readiness of manipulation, and accept-

ance by scientific men in all countries^ ought to be generally
adoi)ted.
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Abdominal sympathetic, 499
Absorption, 206, 272 ; by capillaries,

273 ; intestinal, 273 ; by the villi,

275 ; by the skin, 278 ; by the lungs,
278 ; in connective tissue, 279 ; in
tissues, 279 ; by serous membranes,
279

Accelerating ganglia of the heart, 331,
370

Accommodation, mechanism of, 574,
579

Acetic acid, 421, 691
Acids, bile, 418 ; characters and reac-

tions of, 691 ; conjugated bile, 38
;

fatty and volatile, 40 ; inorganic,
list of, 26 ; nitrogenous organio, list

of, 30 ; non-conjugated, 39 ; non-
nitrogenous organic, list of, 28, 41

Actinozoa, 502
Actual energy, 197
Addison's disease, 287
Adipocere, 416
Afferent nerves, 174
Age, changes in, 12
Air, composition in

complemental, 390
;

supplemental, 389 ;

expiration, 387 ; of inspiration, 386
of the lungs, 389

Air cells, composition of gases in

partial pressures in, 392
Ajugari Lucrezia, 643
Aladoff, 430
Albinos, 580
Albumen, 33 ; elimination of,

digestion of, 252 ; of serum, 695
Albuminoid matters, 696
Albuminous substances, list of, 31

;

nature of, 33 ; origin of, 414 ; deriv-

atives of, 35 ;
proportion of in vari-

ous fluids and tissues, 32

bronchi, 390
;

residual, 389 ;

tidal, 389; of

392

465

Albuminates, 266 ; in muscle serum,.
83 ; in food, 215

Albuminuria, 465
Alcohol in food, 216
Alcohols, list of, 29
Aldini, 705
Ale. 221
Alkaloids, list of vegetable, 36 ; chemi-

cal nature of vegetable, 37 ; influence-

of on cord, 518
Alkaloidal substances in the animal

body, 37
Allantoine. 420, 696
AUantois, 680, 681
Allchin, 306, 307
Alternate generations, 671
Alvergniat's pump, 298
American races, 22
Amides, 37
Amido-acids, 37
Amsebse, 58
Amoeboid movements, 63
Ammoniaco-magnesian j^hosi^hate, 453'

Amnion, 680, 681
Ampere, 707
Amjihibians, brain in, 504
Ampulla, 620
Anapnograph, 388, 389
Anelectrotunus, 165
Animal electricity, 704
Animal ferments in muscle, 83
Animal meat, 661
Animal, delicacy of smell in, 551

7

energy in, 200 ; characters of, 14

;

comparison of with plants, 42
Anisotropic, 80
Annelida, 502
Ano-spinal centre in cord, 519
Anthropoids, 17
Ai)hasia, 533
Aphides, 671
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Apncea, 401
Apposition, increase by, 10
Aqueous humour, 557
Aqueous vapour, amount of from skin,

408 ; elimination of by skin, 448

:

elimination of, H99
Aristotle, 201, 556
Arnold, 151
Arterial circulation, 343
Arteries, contractions of, 371 ; con-

tractility of, 348 ; elasticity of, 335

;

rhythmic contractions of, 349
Artichokes, 221
Asparagus, 221
Aspergillus, 53
Asphyxia, 399, 402, G88
Assimilation, 15, 409, 413
Asthenia, 688
Astigmatism, 571
Atrophy, 436
Atropine, 237 ; action of on the

heart, 331
Aubert, 545, 546 ^

Auditory sensations, 622 ;
physiological

characters of, 632
Auerbach, 257
Auricle, 614
Auricvdo-temporal nerve, 484
Axis-cylinder, 151

Baboons, 17
Balbiani's vesicle, 672
Balzac, 225
Banting system, 417
Barley, 221
Barry, 77
Bartholini's glands, 679
Bases, amides, &c. , list of, 30
Bases, chemical characters and re-

actions of, 695 ; inorganic, list of, 26
Basilar membrane, 609
Bass' beer, 221
Bastardella, 643
Baxt, 161
Beale, 77, 81, 151
Beans, 215
Beats, physiological appreciation of,

633, 635
Beaumont, 246, 254
Beaunis, 138, 194, 315, 370, 383, 392,

598, 648, 658, 667
Beclard, 112, 202
Becquerel, 188, 685
Beef tea, 219
Bell, Sir Charles, 478, 480 ; respiratoiy

system of, 402, 405

Bellini, 454
Bennett, Hughes, 226, 288, 415
Benzoic acid, 38, 691
Bergeou, 388
Bernard, Claude, 113, 166, 236, 261,

367, 369, 400, 410, 423, 426, 450,
478, 487, 491, 495, 661

Bernstein, 108
Bert, Paul, 52, 137, 163, 382
Berzelius, 53, 233
Bezold, 108
Bile, 258, 259 ; analysis of, 260 ; varia-

tions during digestion, 260
;
physi-

ological characters of, 260
;
quantity

of, 260 ; action of on chyme, 261

;

action of, 267
;

pigments of, 418

;

secretion of, 441 ; formation of, 441

;

influence of nervous system on, 442

;

influence of circulation on, 442 ; ex-
cretion of, 443

Bilharz, 711
Biliary acids, 38, 259, 418, 691
Bilifuscin, 696
Bilirubine, 259, 418, 696
Biliverdine, 258, 418, 697
Billroth, 113

_

Binaural audition, 633
Binocular vision 598-601
Birds, brain in, 504
Bischat, 201
Bischoff, 271
Bladder, action of, 468
Blastodermic membrane, 673-680
Blind spot, 586
Blood, 284 ; formation of, 285

;
physi-

cal characters of, 289 ; sources of sup-
ply of, 289 ; morphological characters
of, 290 ; characters of, 294 ; chemical
characters of, 294 ;

gases of, 299

;

mode of analysing gases of, 300;
coagTilation of, 302 ; condition of

gases in, 301 ; circulation of, 309

;

changes in during respiration, 393;
amovint of in each lung, 394; pressure
of the gases in, 395 ; influence of on
respiratory centres, 406; sugar in, 427

Blood clot, structure of, 294
Blood corpuscles, 290 ; measurements

of, 291 ; effects of reagents on, 292

;

enumeration of, 292 ; chemical com-
position of, 295

Blood glands, 285
Blood plasma, chemical composition

of, 296
Blood pressure, 353; in heart, 360;

variations in, 359, 360
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Bloodvessels, 334; innervation of,

367
Blumenbacli's classification of varieties

of liiiman race, 21
Body, weight of anatomical elements

of, 470 ; size and weight of different

parts of, 713 ; specific gravities of
various constituents of, 717

BoU, 584
Bone, general structure of, 143 ; chemis-

try of, 146 ; formation and growth,
146 ; analysis of, 147 : nutrition of,

148
Bones of the ear, 608, 618
Borelli, 655
Boussingault, 415
Bowman, 455
Bowman's muscle, 609
Brachet, 495
Brain, proportion of weight to body,

506 ; circulation in the, 534
Brandy, 221
Breguet, 362
Bronchi, 374
Bronchial sounds, 384
Bronchophony, 385
Brondgeest, 191
Brown-Sequard, 116, 495, 497, 517,

523, 581
Briicke, 80, 305
Brunner's glands, 258
Brunton Lauder, 406, 430, 432
Buchanan, Andrew, 306
Buchheim, 192
Budding, 64
Budge, 519, 530
Buffy coat, 303
Bulimia, 228
Burdon Sanderson, 110, 355, 359
Butcher meat, 219
Butyric acid, 421, 691

Cadaveric rigidity, 135, 689
Caffeine, 222
Calculus, 465
Calorie, definition of, 662
Calorimetry, method of, 663
Camper's angle, 19
Canaliculi of bone, 144
Cane sugar, 266 ; in food, 216
Capacity of the chest, 390
Capillary circulation, 349
Capillary imbibition, 193
Capric acid, 692
Caproic acid, 692
Caprylic acid, 692

Carbohydrates, 39 ; in food, 214
Carbonic acid, 42; elimination of in

respiration, 397 ; amount of in venti-

lation, 400 ; amount from skin, 408 ;

elimination of by skin, 448
Carbonic-oxide-hsemaglobine, 296
Carburetted hydrogen, 42
Cardiac pulsations, frequency of, 324 ;

in different animals, 325
Cardinal points, 567
Cardiograph of Marey, 312
Cardiographic tracings, 313, 314; de-

composition of, 320
Carrots, 221
Cartilage cells, 140
Cartilaginous tissues, 140 ; chemistry

of, 146 ; vital properties of, 148
Caseine, 33, 215 ; digestion of, 253, 697
CaseUa, 388
Cat, brain in, 505
Catalini, 643
Catarrhines, 17
Cathelectrotonus, 165
Caucasian races, 21
Cebus, 17
Cell, 56 ; definition of, 57 ; contents,

60; wall, 60; general characters of,

61 ; nutrition of, 61 ; irritability of,

62 ; genesis of, 63 ; movements of,

63 ; of bone, 144 ; measurements of
various, 715

Cellery, 221
Cellular excretion, 62
Cellulose, 215, 266
Central nervous organs, 149
Centre of gravity of the body, 649
Centrifugal nerves, 174
Centripetal nerves, 175
Cercopithecus, 17
Cereals, 215, 221
Cerebellum, anatomical aiTangements

of, 512 ; function of, 527
Cerebral matter, analysis of, 154

;

salts in, 154
Cerebral peduncles, 524
Cerebrine, 35
Cerebrum, anatomical arrangements

of, 514; functions of, 529; effects

of diseases of, 532 ; electrical irrita-

tion of, 530
Cerumen, 450
Cervical, sympathetic, 498
Cetacea, brain in, 506
Champagne, 221
Change of life in female, 677
Changeux, 355

3a
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Chara, 59
Chauveau, 360, 361, 362
Chemical actions, transformation of

enei'gy in, 198
Chemical physiology, 24
Chemical reactions in the body, 46
Chevallier, 685
Chimpanzee, 17
Chloropeptic acid, 250
Chlorophyll, 14
CholaUc acid, 41, 418, 692
Cholestrine, 422, 697
Choloidic acid, 47
Chondrigene, 697
Chondrine, 35, 146, 697
Chorda tympaiii, 234, 487
Chorion, 681
Choroid, 59, 558
Chronogi-aph, 87 ; Marey's, 90, 538
Chrzonszczewsky, 441
Chyle, 276 ; analysis of, 277 ; quantity

of, 277 ; movements of, 283
Chyme, 252
Claret, 216, 221
Clerk, Maxwell, 593
Climate, effect of on nature of the food,

224
Climacteric period, 677
Clot, stmcture of, 294
Cilia, varieties of, 75
Ciliary motion, 74
Ciliary processes, 559
Cilio-spinal centre in cord, 518
Circulation, 206 ; of blood, 309 ; ar-

terial, 343 ; capillary, 349 ; balance
of local, 349 ; venous, 352 ; velocity
of, 263, 364; changes in volume of
organs caused by the, 365 ; in the
brain, 534 ; in foetus, 686

Coagulation, physical conditions affect-

ing, 304; vital conditions affecting,

304 ; nature of, 305
Coats, Joseph, 321, 330
Coca, 223
Cochlea, 609 ; measurements of, 716
Cocoa, 222
Cocoine, 223
Co-efl&cient of absorption, 195
Ccelenterata, 114
Coffee, 217, 222
Cohesion of muscle, 99 ; of connective

tissues, 67
Cohn, 108
Coitus, 679
Colin, 283
Collagene, 55, 146, 697

Colloids, 9, 186
Colour, sensations of, 591 ; mixed, 592

;

special characters of, 593
;

percep-
tion, theory of, 594 ; blindness, 595 ;

contrast of, 596
Colouring matters of bile, 259
Columella of cochlea, 609
Complemental nutrition, 434
Complementary colours, 595
Compounds, chemical, in body, 8, 25
Concha, 607
Condiments, 216
Conductivity of nerve, 157, 158
Connective tissues, 65 ;

j)hysical pro-

j)erties of, 66 ; chemistry of, 66

;

classification of, 66 ; vital proj)erties

of, 69 ; nutrition of, 69 ; elasticity of,

68 ; digestion of, 254
Consonants, characters of, 647
Constant proportion in sensory im-

pressions, 545
Contact, sensations of, 555
Contractile tissiies, 77
Contraction, law of, 166
Convex mirrors, formation of images

by, 718
Cooking, 218
Co-ordination of movements, 172
Corium, 446
Cornea, 558 ; measurements, 717 ;

formula for calculating radius of
curvature of, 719

Corpora quadrigemina, anatomical
arrangements of, 512 ; functions of,

524
Corpora striata, anatomical arrange-
ments of, 513 ; functions of, 526

Corpus luteum, 675, 676
Corpuscles in saliva, 233 ; movements

of white, 293
Correlation of physical forces, 6
Corti's organ, 610, 620, 621
Corti, rods of, 630
Cowper's glands, 679
Cranial nerves, 481
Cranioscopy, 533
Creatine, 420, 421, 698
Creatinine, 420, 698
Crista acoustica, 621
Crustacea, nervous system of, 502

;

movements of auditory hairs in, 631
Crystalline lens, 557
Crystalloids, 10, 186
Cupped clot, 303
Curare, 114
Cutaneous absorption, 278
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Cutis, 446
Cuttle fish, 439
Cycle of heart's action, 315
Cyclosis, 69
Cylinder, revolving, use of, 86
Cynocephale, 17
Cyon, 334, 368, 430
Cystine, 420, 698
Czermak, 240, 330, 345, 641

Dalton, 529, 426
Daltonism, 595
Damaluric acid, 692
Dancer, 593
Darwin, 434
Davy, Sir Humphrey, 707
Death, 688
Decidua, 682
Decomposition, 47
Defsecation, 269
Deglutition, 239; nervous arrangements

of, 241
Dehydration, 48
Denis, x^lasmine of, 306
Depres' chronograph, 92
Depressor nerve of the heart, 333, 334,

368
_

Dermis, 446
Descemet's membrane, 559
Dewar, 584
Diaphragmatic respiration, 380
Diastole, 314
Dicrotic pulse, 346
Diet, nature of, 223 ; amount of, 224

;

conditions of a healthy, 225; influence
of on u.rea, 419

Differentiation, 16
Diffusion, 187, 189 ; effect of electrical

currents on, 189 ; effect of tempera-
ture of, 189 ; between gases and
fluids, 195 ; in lungs, 391 ; images
of, 576

Digestion, 206, 210 ;
general conditions

of, 249 ; rapidity of, 254 ; influence

of hygienic conditions on, 255
Digestive system, dimensions of, 713
Dioncea, 110
Disassimilation, 15, 417
Discus proligerus, 675
Disdiaclasts, 81
Dogiel, 361
Donders, 101, 383, 543
Dreams, 638
Drinks used by mankinl, 221
Drugs, influence of on urine, 46D
Drums, 121

Du Bois-Raymond, 93 ; electrodes, 104,

106, 160, 164, 166, 778
Ducts in canals, measurements of, 716
Ductus cochlearis, 620
Duges, 201
Duhamel, 88
Dulong, 663
Dumas, 415
Dupuy, 495
Dynamical characters of living beings,

10
Dyspeptones, 249
Dyspnoea, 401

Ear, external, 614 ; middle, 615 ; trans-

mission in external and middle, 615 ;

action of membrana tympani, 617

;

action of bones of, 618 ; transmission
in internal, 619

Echhard, 158, 189, 369
Echinodermata, 502
Edentata, 505
Edwards, 225
Efferent nerves, 174
Egg, stages in the evolution of the, 673
Ehrenberg, 77
Elastic tissue, digestion of, 253
Elasticity of muscle, 99
Elastine, 35, 698
Elective afiinity, 62
Electrical apparatus, 98
Electrical fishes, 709; general proper-

ties of, 711
Electrical phenomena of muscle, 106
Electrical properties of nerve, 155
Electricity, animal, 70
Electro-capillary, theory of, 108
Electro-motor, 97
Electrotonus, 164
Elements, chemical, in body, 25
Elimination, 207
Embolus, 305
Embryology, 679
Embryonic sacs, 680, 681
Emmetropia, 575
Emulsin, 54
Encephalon, anatomical arrangements

of, 511
End bulbs, 553
End plates, 81
Endocardium, 311
Endogenous cell formation, 63
Endosmose, 186 ;

phenomena of, 193
Endosteum, 143
Endothelium, 69, 334
Energy, 6 ; law of, 197 ; and heat, 201
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Engelmann, 77, 138
Entoptic phenomena, 574
Envii'onment, influence of, 13
Epiblast, 680
Epidermic appendages of skin, 451
Epidermis, 446
Epithelium, 69 ; varieties of, 70 ; vital

projjerties of, 72 ;
j)hysical properties

of, 72 ; in absorption, 73 ; in elimin-

ation, 74 ; ciliated, 74
Ergot of rye, 433
Eructation, 244
Ethiopian races, 22
Eustachian tube in deglutition, 241

;

in hearing, 607
Evolutional history of living beings, 11
Evolution of cells, 64
Exchange of materials, 469
Excitability of nerves, 156
Excitation, minimum of, 545
Excreta, 470, 472
Excretion, 208, 440
Exercise, influence of, on urine, 462
Exner, 543
External ear, 614
Eye, general descriiDtion of, 557

;

optical arrangements of, 565 ; optical
defects of, 570 ; absorption and re-

flexion of rays in, 580 ; blind and
yellow spot, 586, 587 ; movements of
the, 597

Eyeball, movements of the, 598

Facial nerve, 486
Fseces, characters of, 270, 271]
Fainting, 688
Fakirs, 228
Falsetto, 643
Faraday, 164
Fasciculi, 78
Fats, list of, 29 ; amount of in the

body, 29 ; composition of, 40 ; di-

gestion of, 266 ; absorption of, 274
;

origin of, 414 ; sources of, 416
;

formation of in liver, 443
Fatty acids, 40, 421
Favre, 449
Fechner, 633
Fechner^s law, 544-45
Fecundation, phenomena of, 678
Fehling's test, 699
Fenestra ovalis, 608
Fenestra rotunda, 610
Fenestrated membrane, 334
Ferments, soluble, 49 ; organized, 51
Ferment in the liver, 427

Fermentations, 49; examples of, 50

;

in urine, 457 ; theories of, 52
Ferrier, 525, 527, 531, 532, 533
Fibres, 79 ; measurements of, 716
FibrHlEe, 79
Fibrine, 33, 252, 303, 306, 698
Fibrinogen, 33, 698
Fibrinoplastic substance, 33, 307, 699
Fibro-cartilage, 141
Fick, 93, 113, 126, 166, 355, 356, 357

359, 414, 462
Filtration, 186
Fishes, brain of, 504 ; electrical, 709
Fissiparous cell formation, 64
Fistulous openings, 246
Flavour, 224
Fleming, ^Y. J., 344
Flint, 422, 462
Flourens, 403
Foetus, circulation of blood in, 686
Food, 210 ; necessity for, 210

;
proxi-

mate principles of, 210 ; composition
of articles of, 217 ; as artificially

prejDared by man, 218 ; and work,
223 ; effect of climate on, 224 ; time
of subsistence without, 227 ; in-

fluence of on respiration, 398
Force and matter, 5 ; constancy of,

198
Formic acid, 421, 692
Forster, 642
Foster, Michael, 132, 138, 347, 529
Francois-Franck, 332, 365
Frerichs, 233
Frey, 76
Fritsch, 531
Frog, brain in, 504 ; cuiTent in, 707,

708
Funke, 191, 376, 449
Fusel oil, 222

Gall, 528
Galvani, 704
Galvanism, 705
Galvanometer, reflecting, 102
Galvanoscopic foot, 105
Ganglia of the heart, 329 ; on fifth

nerve, 485 ; on sympathetic, 494
Garcia, 641
Gases of the body, 42
Gases of the blood, 299
Gastric juice, analysis of, 248 ; action,

267 ; chemical composition of, 247,

249 ; chemical action of, 248 ;
nerv-

ous arrangements connected with
tissues of, 251
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Gauss, 567
Geissler, 542
Gelatine, 35, 146, 267, 699 ; digestion

of, 253
Gemmiparous cell formation, 64
Generation, spontaneous, 670 ; asexual.

671 ; sexual, 672
Genito-spinal centre, 519
Germ, nature of, 11
Germinal spot, 672
Germinal vesicle, 672
Giant cells, 145
Gibbon, 17
Gilbert, 415
Gin, 221
Ginger, 216
Ginger beer, 216
Ginger wine, 216
Glands, dimensions of, 715 ; sweat,
• 447
Globuline, 34, 699
Glosso-pharyngeal nerve, 488
Glucose, 39, 421
Gluten, 215 ; digestion of, 253
Glycerine, 40
Glycocholic acids, 38, 692
Glycocine, 38
Glycocole, 418
Glycogen, 39, 410 ; nature of, 423

;

origin of, 424 ; transformation of
into sugar, 426, 699

Glycogenic function, 207 ; relation of

nervous system to, 429 ; in different

animals, 423, 424
Gmelin, 697
Goitre, 287
Goltz, 332, 519, 531, 532, 678
Goodsir, 3, 438
Gorilla, 17
Gout, 465
Graafian vesicle, 672, 675
Graham, 541
Grape sugar, 215, 221
Gray matter, functions of, 172
Grehant, 391
Growth, 436, 207
Gscheidlen, 298
Guanine, 419, 420,
Guaranine, 222
Gulliver, 291
Gums, 215
Gurnard, brain in, 504
Gymnotus electricus, 710

Hseckel, 14
Haemadromograph, 361, 362

Hsemadromographic tracing, 363
Hsemadynamometer, 354
Hsemaglobine, 295, 393, 444, 700 ; ab-

sorption of oxygen by, 296 ; spectrum
of, 296

Hsematine, 296, 700
Hsematocristalline, 295
Hsemine, 296
Hairs, auditory movements of, 631
Hair cells in cochlea, 611
Hales, Stephen, 353
Halitus sanguinis, 290
Haller on muscular irritability, 114
Hammond, 226
Haricot, 215
Harmonic tones, 625
Harmony, physiological appreciation

of, 634, 635
Harvey, William, 63, 311
Harzer, 192
Havers, canals of, 143
Hearing, sense of, 607, 622
Heart, action of, 311 ; action of valves

in, 318, 319 ; blood pressure in, 361

;

causes of sounds of, 327 ; considered
as a muscle, 319; innervation of, 490;
innervation of the, 329 ; mechanical
work of, 325; mode of examining,
312 ; movements of the, 314 ; pheno-
mena during contraction of, 318;
sounds of, 319 ; shock of, 319 ;

pheno-
mena during the sounds of, 328;
time occupied in various movements,
316 ; tracing of movements of, 317

Heat and energy, 201 ; and mechanical
work, 112, 665 ; animal, 661 ; distri-

'

bution and loss of, Q&Q ; elevation of

on section of cord, 497 ; loss of, 667

;

mechanical equivalent of, 6
Heat units, 664
Heidenhain, 102, 112, 130, 245
Hehnholtz, 161, 572, 578, 580, 594, 596,

597, 612, 617, 618, 619, 630, 644, 665,

720; myograph, 92
Henke, 133
Henle, 334, 447 ; tubes of, 453
Henry, 685
Hensen, 631
Hepatic ducts, 441
Heredity, 12
Hering, 361, 364
Hermann, 110
HermajDhroditism, 672
Hewson, 288
Heynsius, 425
Hippuric acid, 38, 39, 639
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Hirn, 664, 666
Histology, importance of, 3

Hitzig, 531
Hocks, 221
Holmgren, 108, 584
Holoblastic ovnm, 672
Honigscliniecl, 543
Hoppe-Seyler, 296
Horopter, 599
Horse, work done by, 654
Humboldt, 106, 706
Hunger, 226
Hutchinson, 379, 380, 388
Hyaloid membrane, 557
Hybernation, 228
Hydra viridis, 14
Hydrogen, 42
Hydrolytic ferment, 51
Hydrozoa, 502
Hypale, 17
Hypermetropia, 575
Hypertrophy, 436
Hypoblast, 680
Hypoglossal nerve, 492
Hypoxanthine, 70 *

Hyi'tle, 486

Idea, 547
Idio-niuscular contraction, 129
Images in the eye, 579 ; accidental, 588
Incus, 608
Indian corn, 221
Indican, 418, 456, 701
Indigo blue, 456
Indiglucine, 456
Indol, 418
Ingesta, 470, 471
Inhibitory mechanism, 370; of the

heart, 329
Innervation, 475
Inorganic chemical compounds in body,

list of, 26
Inosic acid, 39, 693
Inosite, 701
Insalivation, 232
Insecta, 502
Intestinal digestion, general characters

of, 265
Intestinal juice, action of, 267 ; action

of on chyme, 264, 265
Intestine, changes in, 256; great,
changes in, 267 ; great, movements
of, 267 ; great, nervous arrangements
of, 269 ; great, physical and chemical
changes in, 269; small, movements
in, 257 ; nervous arrangement of, 258

Intracellular movements, 63
Intrinsic ganglia of the heart, 329
Intussusception, increase by, 10
Invertebrates, nervous system in, 501
Iris, 559 ; functions of, 581
Iron in food, 214
Irradiation, 588
Irritability, muscular, 114, 115
Isotropic, 80

Jacob's membrane, 560
Jacobson's nerve, 486
Jacobowitch, 233
Jaws, movements of, 231
Jolly, 188
Joule, 6

Kastus, 388
Kemmerich, 213
Keratine, 35
Key of Du-Bois Eeymond, 98
Kidneys, excretion by, 452 ;

general
structure of, 452 ; innervation of,

468 ; elimination of nitrogenous
matters by, 461

Klang of sound, 623
Klein, 179
Koenig, 539, 627, 629, 644
KoUiker, 81
Koster, 133
Krause, 81, 447
Kronecker, 134
Kuhne, 114
Kiiss, 81, 336, 394, 425, 584
Kyestine, 394, 459
Kymographic tracings, 358
Kymograph, 354, 356, 357

Labyrinth, 608
Lactation, 684
Lacteals, 275
Lactic acid, 41, 84, 421, 693
Lacunse of bone, 144
Lamarck, 201
Lambert, 592
Lamina spiralis, 699
Landois, 315
Laryngeal sounds, 394
Larynx, condition of during sound,

641 ; innervation of, 490 ;
production

of sound in, 639
Lauder-Brunton, 235, 237
Laurence, 201
Lavoisier, 385, 663
Lawes, 415
Lecithine, 420
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Legallois, 403
Legs, movements of in walking, 658,

€59
Legumen, 33, 215
Lelimann, 445
Lemonade, 216
Lemurs, 17
Lens, action of a bi-convex, 567
Leucine, 420, 701
Leucocytes, 293
Leucocythfemia, 288, 420
Levers, varieties of, in the body, 651
Lewis, George Henry, 547
Leyden, 113
Lieberkiibn, 258
Liebig, 53, 108, 219, 415, 461 ; extract,

220
Liegeois, 551
Life, 2, 200, 202

^ ^
Light, action of on retina, 584 ; action

of on iris, 581, 582 ; intensity of,

589 ; sensation of, 546 ; vibrations

of, 563
Lime in food, 213
Liquor sanguinis, 303
Lister, Joseph, 294
Listing, 598
Liver, cells in, 441 ; circulation in,

440 ; ducts in, 441 ; excretion by,

440 ; formation of fat by, 443 ; in-

fluence of on blood corpuscles, 444
;

sugar in the, 425
Living being, characters of, 13
Living beings, general characters of, 8
Lobules of lung, 374
Locomotion, 654
Longet, 528, 530
Lortet, 361, 362
Liicke, 693,

Ludwig, 189, 236, 320, 322, 334, 355,

361, 362, 367, 368, 439, 442, 455, 467,

498
_

Lungs, capacity of, 388 ; elasticity of,

381 ;
general structure of, 374

;

vascular arrangements of, 375
Lu.ssana, 528
Lymnaea stagnalis, 673
Lymph, 207 ; formation of, 279

;

hearts, 284
;
physical and chemical

characters of, 283 ;
quantity of, 283

Lymphatics, 208
Lymphatic glands, 281 ; origin of, 280

;

structure of, 281, 282 ; elements, 285

MacDonnell, 423
MacVail, David C, 347, 380

Madeira, 221
Magendie, 225, 480, 527, 530
Magnus, 302
Malapterurus electricus, 710
Malassez, 293
Malay races, 22
Malleus, 608
Malpighi, 452
Malpighian bodies, 194, 285
Malt liquors, 222
Man, attitudes and movements of, 649 ;

common characters with anthro-
poids, 17 ; distinctive characters
from anthropoids, 19 ; mechanical
work of, 653 ; place of in animal
kingdom, 17 ; mental qualities of, 21

;

muscle current in, 110 ; varieties of,

21
Manometric flames, 627
Marcet, 270
Marey, 88, 138, 316, 322, 338, 341, 344,

348, 358, 359, 360. 361, 380. 655, 656,
657

Marey's cardiograph, 312 ; mode of
transmitting movements, 121 ; study
of cardiac movements, 323

Margaric acid, 693
Marmosets, 17
Mariotte, 586
Marrow of bone, 143
Marshall Hall, 178
Marsupialia, 505
Martin, Alexis St., 246
Mastication, 230 ; muscles of. 231
Mate, 222
Matter, circulation of, 10 ; and force, 5
Matteucci, 105, 530, 708, 711, 712
Matthieu, 695
Max Schultze, 561
Mayer, 6
Meckel's ganglia, 485
Medulla of bone, 143
Medulla oblongata, anatomical arrange-
ments of, 509 ; functions of, 521

;

reflex action in, 522
Medusae, 238, 502, 671
Meissner, 108, 257, 419, 555
Meibomian glands, 662
Membrana granulosa, 675
Membrana tympani, 608, 614
Membranes, effect of endosmose, 192
Men, average height and weight of in

Great Britain, 654
Menstruation, 676
Meroblastic ovum, 672, 680
Metabolisis, 61
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Metapeptones, 249
Metastasis, 61
Methylamine, 421
Metronome, 126
Meynart, 526
Migration of cells, 77
Milk, 685 ; digestion of, 253 ; sugar,

40
Millon's test, 703
Mineral matters, disassimilation of,

422 ; in bile, 259 ; in food, 212, 214
Mitchell, James, 552
Molecular imbibition, 193
MoUusca, 502
Mongolian races, 22
Moore's test, 700_
Mormyrus longipinnis, 711
Motor, centres in cerebrum, 531
Motor nerves, 174
Mouth, changes in, 229
Movements, mode of recording simul-

taneous, 123 ; of respiration, 375 ;

sensation of, 546
Mozart, 643
Mucilages, 215
Mucine, 36, 701
Mucor, 53
Miiller, 600, 640
Murmurs, remarks on, 328
Muscarine, action on the heart, 331
Muscle, 78 ; acidity of, 85 ; action of

chemical substances on, 130 ; analysis

of, 85 ; bulk of, 117 ; chemical
substances in, 84 ; chemistry of, 82
clot, 83 ; consistence of, 99 ; current
theories of, 108 ; curve, 118, 119
curve, double, 128 ; curve in te
tanus, 127 ; digestion of, 254
elasticity of, 99 ; electrical properties
of, 102 ; electrical phenomena of, 105
electrotonic state of. 111 ; examina-
tion with polarized Kght, 80 ; fatigue
of, 120 ; gases in, 84 ; heat produced
by, 111 ; involuntary, 136 ; law of
muscle work, 101 ; mode of de-
monstrating electrical currents in,

105 ; measurements of fibres of, 82 ;

methods of studying, 86 ; phases of
a single contraction, 117 ;

physical
properties of, 99 ; physiological
properties of, 113

;
plasma, 81, 82

;

relaxation, 119 ; salts in, 84 ; serum,
83 ; static force of, 133 ; sugar, 39

;

thickening of, 121 ; tonicity of, 101
Muscles of the larynx, 640; general

ijiechanism of, 650

Muscular action, influence of on res-

piration, 398
Muscular contractioi^ by a series of

shocks, 125; diiration of, 120; general
phenomena of, 116 ; various modes
of, 129 ; wave of, 121, 125 ; fatigue,

133; fibres, distribution of, 139; irrit-

ability, 115 ; rhomb, 106 ; sense, 636

;

sound, 134 ; work, 131
Musical sensations, 634
Musical tones, 612
Mustard, 216
Myeline, 35
Myeloplaxes, 145
Mycetes, 17
Myograph, 92 ; of Marey, 94 ; spring,

94
Myopia, 575
Myosine, 34, 83, 215, 701
Myxomycetes, 58

Kasal passages, 240
Nasse, 497
Nausea, 244
Negative after-images, 589
Negro, character of, 22
Nerve, cells, 150 ; functions of, 172;

structure of, 476 ; centres, 176 : cen-
tres, classification of, 176 ; current,
mode of measuring rapidity of,

159, 161 ; depressor, 368 ; effects

of heat on, 157; effects of stimu-
lating, 157 ; electrical stimulation
of, 163; fibres, 151; nutrition of,

155
Nerves, 149, 174 ; classification of, 175;

cranial, 481 ; in mastication, 232

;

in sympathetic, 494 ; modes of stimu-
lating, 158 ; of special sense, 500

;

peripheral, 479; sensory, rate of

transmission of, 162; spinal, 479;
structure of, 476

Nervous, activity, general phenomena
of, 174; centres, 501; matter, choles-

trine in, 422 ; system, dimension of,

713 ; influence of on salivary secre-

tion, 234 ; methods of investigation,

477 ; relation of to glycogenesis,

429
Nervous tissues, 149 ; chemistry of,

153; physical ]3roperties of, 153;
structure of, 149

Neurilemma, 152
Neurine, 420
Nicol's prism, 80
Nicotine, action on the heart, 331
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Nilsson, 643
Nitrogen, 42 ; bases, 36 ; elimination

of, 398 ; compounds, list of nitrogen-

ous, 29 ; matters, disassimilation of,

418 ; matters in urine, 456
NobiH, 166, 707
Nodes of Ranvier, 152
Noeud vital, 403
Noises, 612
Non-medullated fibre, 152
Non-nitrogenous compounds, list of, 28;

matters, disassimilation of, 421 ; in
urine, 456

Non-striated muscle, 136
Notation of locomotion, 656
Nothnagel, 524
Nucleus, 60
Nutrition, 204, 207, 409 ; reabsorption

of waste matter in, 412 ; conditions
of healthy, 433; diagram of, 209;
insterstitial phenomena in, 410 ; of
muscle, 113 ; of nerve, 155 ; stages

of, 206 ; transudation in, 411 ; ulti-

mate changes in, 412

Oats, 221
Obesity, 417
Oculo-motor nerve, 482
Odours, nature of, 551
Oersted, 707
Oleic acid, 693
Oleine, 40, 701
Olfactory nerve, 481 ; organ, 550
Ons-en-bray, 355
Ophthalmometer, optical principles of,

720
Oi)hthalmoscope, 580
OiDtical constants, 566
Optic nerve, 482; thalami, 525; ana-

tomical arrangements of, 513
Orange, 17
Organs, 56
Organ of Corti, 610
Organ pipes, sounds of, 627
Organic acids, disassimilation of, 422
Organic chemical compounds in the

body, list of, 28
Organization, definition of, 8
Osseous tissues, 140
Otoliths, 608
Ovary, 674
Ovum, 672 ; passage of into uterus,

677 ; changes in after fecundation,
679

Owsjannikow, 367, 498

Ox, work done by, 654
Oxalic acid, 420, 693
Oxaluria, 421
Oxaluric acid, 420
Oxidations, 46 ; ferments of, 52
Oxygen, 42 ; absorption of in respira-

tion, 396; absorption of by skin,

448 ; in disassimilation, 417
Oxy-haemaglobine, 295

Paccini, 709, 710
Paccinian bodies, 553
Paget, Sir James, 433
Palmatine, 40, 702
Palmitic acid, 693
Pancreatic juice, 262; action of 267;

action of on chyme, 264 ;
quantity

of, 263 ; variations of, during diges-

tions, 263; physiological characters

of, 263
Parabanic acid, 420
Paralactic acids, 41
Paralbumine, 702
Parapeptones, 249
Parelectronomic state of muscle, 107
Parkes, 398, 462
Parotid saliva, 234
Parthenogenesis, 671
Partial tones, 625
Parturition, 683
Parry, 228
Pasteur, 51
Pate du foie gras, 444
Pathetic nerve, 483
Pa^T, 416, 423, 428
Peas, 215
Pectoriloquy, 384
Peduncles of cerebrum, 524
Pinna, 614
Penicillium, 53 '

Pepper, 216
Pepsine, 247
Peptones, 34, 248, 702 ; absorption of,

274
Perception, 547
Pericardium, 311
Perichondrium, 142
Perilymph, 619
Periosteum, 143
Peristaltic movements, 257.

Perosmic acid, 152
Petit, 495
Pettenkofer, 386, 398, 416, 691
Peyer's glands, 285
Pfaff, 166, 707
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Pflliger, 165, 166, 168, 180, 298, 395,

498, 519 ; law of contraction, 166 ;

law of increased excitability, 171 ,*

law of stimulation, 167
PhakoscoiDe, 577
Pharnyx, 239

^
Phosgenes, 585
Phosphogiyceric acid, 421, 693
Phrenology, 533
Physiology, modes of investigating, 5 ;

modes of studying, 3 ; nature and
objects of, 1, 5 ; special, 204

Physostigmine, 331
Piezometers,
Pigeon, brain in, 505 ; effects of re-

moval of cerebrum of, 528
Pigment, 418, 456 ; Ust of, 31
Pigment of muscle, 83
Pigs, fattening of, 415
Pile, thermo-electric, 111
Pineal gland, 287
Pitch, range of sensibility to, 622
Pituitary gland, 287
Placenta, 682
Plants, characters of, 14 ; composition

of, 43 ; energy in, 199
Plasmine of Denis, 306, 702
Plasmodies, 58
Platjnrrhines, 17
Plexus, varieties of capillary, 351
Pneumogastric, 489 ; action of on the

heart, 329 ; infliience of on respira-

tion, 404
Pneumograph, 380
Pohl's commutator, 98
Poiseuille, 353
Polar globules, 673
Pons Varolii, 523 ; anatomical arrange-
ments of, 511 ; as a reflex centre,
524

Port, 221
Porter, 221
Positive after images, 589
Posture, 649
Potash, in food, 213
Potatoes, 221
Potential energy, 197
Pregnancy, 683 ; influence of on urine,

459
Prehension, 230
Pressure of blood, 353
Preyer, 295
Prochaska, 178
Propionic acid, 421, 694
Protagon, 35, 36, 702

Protista, 14
Protoplasm, 58 ; activity of, 59
Protozoa, 114, 501
Proximate principles, 9 ; digestion of,

252 ; changes produced in, 266
Prussian blue, 364
Ptyaline, 233
Puberty, 676
Pulmonary absorj^tion, 278
Pulse, 343 ; delay of the, 344 ; dicrotic,

346 ; in veins, 352 ; rapidity of the,

325
Punctum prosimum, 577
Purkinje, cells of, 512 ; figures of,

574
Putrifaction, 52

Quadruraina, 506
Quality of sound, 623
Quetelet, 384

Eabbit, 485 ; brain in, 505
Radcliffe Bland, 166
Eainey, 447
Eanke, 464
E-ansome, 380
Eanvier, 152, 156
Eeaumur, 246
Eeceptaculum chyli, 276, 277
Eecklinghausen, 279
Eeductions, 47 ; ferments of, 52
Eeflex actions, 177 ; centres of, 185

in cord, 518 ; examples of, 183
mechanism of, 179 ;

phases of, 179
varieties of, 180

Eefraction, 564
Eefrangibility, aberration of, 572
Eegnault, 385 ; chronograph of, 541
Eegurgitation of food, 244
Eeid, John, 478, 495
Eeil, corona radiata of, 515
Eeiset, 385
Eeissner's membrane, 610, 620
Eemak, fibres of, 152
Eeproduction, 67'0

Eeproductive system, dimensions of,

714
Eesonators, 625
Eespiration, 206, 372 ; abnormal, 401 ;

absorption of O and elimination of

CO 2, 397, 398 ; air of inspiration and
of expiration, 387 ; air in the lungs,

389
Eespiration, changes in the blood dur-

ing. 393 ; changes in air in, 385 ;
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comparative physiology of, 372 ;

cutaneous, 445 ; extent of respiratory
surface, 394 ; in a confined space, 399 ;

innervation of, 403 ; interchanges
between blood and air, 395 ; measure-
ment of the forces of, 383 ; mechan-
ism of, 375 ; mode of examining
changes in air of, 386

Eespiratory centres in cord, 519 ; in
medulla, 522

Kespiratory movements, anomalous,
407 ; rhythm and number of, 383 ;

muscular ai'rangements of, 378
;

number of per minute, 384 ; regis-

tration of, 380
Eespiratory sounds, 384
Respiratory system, dimensions of, 714
Retina, 560 ; continuity of impressions

on, 588 ; corresponding points of,

599 ; excitability of, 586 ; foi-mation
of an image on, 567 ; impressions on,

587 ; intensity of light to act on,

589 ; measurements of, 717 ; normal
excitation of , 582; proper light of, 586

Ehinobatus electricus, 711
Eiaia batis, 711
Eitter, 166
Roberts, William, 292
Eods and cones in retina of birds, 562
Eods and cones of retina, 560
Rods of Corti, 610
Rodentia, brain in, 505
Rohrig, 448
Rokitanksy, 403
Romanes, 138, 502
Rothe, Rudolph, 358
Eotiferaa, dormant vitality in, 12
Eum, 221
Eunning, mechanism of, 656, 659
Eutherford, 251, 355, 491

Saccule, 608, 620
Saline solutions as affecting endosmose,

189
Saliva, 232, 267; actions of on food, 238;

characters of, 233 ; chemical charac-
ters of, 232 ;

general uses of, 238
Salivary glands, 232 ; secretion, influ-

ence of nervous system on, 234
Salkowsky, 423
Salt meat, 220
Salts, 267 ; digestion of, 253 ; of bile,

259 ; in bone, 146 ; in food, 213 ; in
salt meat, 220 ; inorganic, list of, 27;
organic, list of, 31

Sanguification, 206
Sapidity, 224
Sarcine, 419, 420
Sarcolemma, 80
Sarcosine, 702
Sarcous elements, 79
Saturation of colour, 594
Savi, 711
Scala, intermedia, 609 ; tympani, 620 ;.

vestibuli, 610, 620
Schafer, 81
Schafhautl, 546
Scheiner, experiment of, 576
Schiff, 129, 166, 369, 517, 530
Schleiden, 57
Schottin, 449
Schwann, 57 ; white substance of, 151,.

153, 156, 162
Schmidt, 306
Schmulewitsch, 442
Sclerotic, 558
Scot Alison, 380
Sebaceous matter, 450
Secretion, 207, 437 ; mechanism of,.

237, 439
_

Segmentation, 63
Seller, Emma, 641 ; on voice, 643
Selective affinity, 195
Semen, 674
Semicircular canals, 609, 619
Sensation, definition of, 177 ; intensity

of, 544 ;
quality of, 546 ; musical,

634
Senses, 536
Sensibility of connective tissues, 69
Senso-motor nerves, 174
Sensory impressions, objectivity of,.

546 ; mechanism of, 536 ; time in,

538, 543
Sensory nerves, 174; rate of trans-

mission in, 162
Serpula, 502
Serum, composition of, 297
Sharpey, 438
Sherry, 221
Sibson, 38
Signals, electrical, 90
Simon, 685
Siphon-recorder, 348
Sixth nerve, 486
Skin, epidermic appendages of, 451 ;

excretion by, 445; excretory functions
of, 448 ; resj)iratory functions of,

448 ; sensibility of touch, 556 ; struc-
ture of, 446
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Sleep, 637
Sleep, amount of CO 2 in, 398
Smell, sense of, 550
Smith, Angus, 386
Smith, Edward, 390, 398
Sodium chloride, amovmt of in the
body, 27; in food, 212

Soemmering, 481
SoUy, band of, 510
Somnambulism, 638
Sound, j)hysical causes of, . 611 ;

pro-
duced by muscle, 134

;
quality of,

623, 630 ; of the heart, 326 ; respira-

tory, 384 ; sensation of, 546 ; nerve
motions in, 624

Spallanzani, 246, 706
Specific gravities, 717
Specific weight of connective tissues, 66
Spectral images, 590
Spectrum, 564
Speech, characters of, 644
Spencer, Herbert, 202
Spermatozoids, 673, 674
.Sphericity, aberration of, 570
Sphygmograph, 344
Sphygmographic tracing, 345
Sphygmoscope, 361
Spinal accessory nerve, 492
Spinal cord, action of on the heart,

333 ; anatomical arrangements of,

507 ; functions of, 516 ; psychical
actions in, 519

Spirometers, 388
Splanchnic nerves, 431, 496 ; relation

to the heart, 333
Spleen, structure of, 286
Spontaneous generation, 670
Spurzheim, 528
Stannius, 329
Stapes, 608
Starch, 266 ; in food, 215
Starvation, 473
Stearic acid, 694
Steariue, 40
Stereoscope, 606
Stilling, 368
Stimulation, law of, 167
Stirling, 182
Stokes, 296
Stomach, changes of, 241 ; in different

- animals, 242 ; movements of, 242

;

nervous arrangements of, 244
;
physi-

cal and chemical changes in, 245

;

results of digestion in, 251
:Stone, 465

Strabismus, 601
Strassburg, 395
Stroma of blood corpuscles, 295
Stromuhr, 362
Strychnia, influence of on respiration,

403
Sublingual saliva, 234
Submaxillary saliva, 234
Sucking, 230
Sudoric acid, 449
Sudoriferous glands, 447
Sugar, absorption of, 274 ; cane, 215

;

in blood, 427 ;
grape, 215 ; list of, 29

;

production of, 423 ; transformation
of in blood, 428

Sulj^huretted hydrogen, 42
Sulzer, 705
Sweat, 448 ; conditions of secretion of,

450 ; removal of, 450
Sympathetic, action on the heart, 331

;

nerve, 493 ; nerve, functions of, 495
Syncope, 688
Synthetical processes, 48
Syntonine, 34, 83, 702 ; digestion of,

253
Syren of Helmholtz, 613
System, 56 ; classification of, 56
Systole, 314

Table beer, 221
Tactile sensations, 556
Taenia, 671
Tambours, 121
Tapetum, 580
Tarrari, 229 ^

Taste, anatomical conditions of, 548 ;

physiology of, 549
;
physical causes

of, 549 ; sense of, 548
Taurine, 47, 418
Taurocholic acids, 38, 47, 694
Tea. 217, 222
Teeth, uses of, 230
Teichmann, 296
Temperature, mechanism for main-

taining, 668 ; sensation of, 546
Terminal nervous organs, 149, 153, 176,

535
Testicle, 674
Tetano-motor of Heidenhain, 130
Tetanus, 126
Theine, 222
Theobromine, 222
Thirst 227
Thomson, AUen, 82, 139, 141, 151, 185,

285, 447, 494, 507, 653, 660, 680, 681
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Thomson, Sir William, 182, 348
Tliomj)son, Silvaniis P., 634
Thoracic sympathetic, 498
Thrombus, 305
Thymus gland, 287
Thyroid glands, 287
Timbre of sound, 623
Time, measurement of, 56, 86 ; select-

ive affinity of, 411
Tone of colour, 593 ; optical analysis

of, 629 ;
physiological arrangements

for appreciation of quality of, 630 ;

of sound, 612
Tongue in mastication, 231
Tonicity of muscle, 101
Tonus, 101
Torpedo Galvani, 709
Tortoise, brain in, 504 ; movements of

heart of, 323
Torula, 51
Touch-bodies, 553; minimum sensation

of, 545 ; organs, measurements of,

717 ; sense of, 553
Tracheal sounds, 384
Tradescantia, 59
Treviranus, 201
Trichiurus electricus, 711
Trifacial nerve, 483
Triple phosphate, 458
Trophic nerves, 499
Tubes, flow of fluid in rigid, 336, 337 ;

Marey's mode of stvidying movement
in, 339 ; measurements of, 716

Tunica adventitia, 334
;
granulosa, 675

Tuning fork, 626 ; use of, 88
Turnips, 221
Tyrosine, 420, 703

Umbilical sac, 680
Upas antiar, 331
Uraemia, 464
Urbain, 695
Urea, 418, 703 ; elimination of, 461

;

formation of, 419 ; influence of

exercise on, 462
Uric acid, 39, 419, 694 ; decompositions

of, 420 ; diathesis, 465 ; elimination
of, 464

Urinary system, dimensions of, 714
Urine, analysis of, 457 ; inorganic

substances in, 456 ; changes in after

exposure to air, 457 ; chemical
constituents of, 455; colour of, 456

;

expulsion of, 468 ; fermentations in,

457 ;
gases in, 457 ;

general characters

of, 455 ; mechanism of the secretion
of, 466 ; physical changes in, 460 ;

physiological changes in, 458; pig-
ments of, 418

Urobiline, 418, 456, 703
Uroglaucine, 703
Uroxanthine, 418
Urtica, 59
Uterus, changes in, after fecundation,

682
Utricle, 620

Vaccination, 434
Vagus, 489
Valentine, 155
Valsalva's experiment, 616
Valves in veins, 352
Van Mansveldt, 101
Variability, influence of, 13
Variation negative in muscle current,

107, 108
Vascular system, dimensions of, 714
Vaso-dilator nerves, 369
Vaso-motor centre, 367, 368
Vaso-motor nerves, 496, 498 ; in me-

dulla, 522
Vegetable matters, digestion of, 254
Venous circulation, 352
Ventilation, 400
Venturi, 551
Vernois, 685
Veratrine, 331
Vertebrates, nervous system in, 503
Vesicular respiratory murmur, 384
Vesiculo-spinal centre in cord, 519
Vestibule, 619
Vierordt, 278, 325, 336, 361, 364, 390,
471

Vieussens, annulus of, 431
Villi, absorption by, 275
Vinegar, 216
Vintschgau, 543
Virchow, 63, 288
Vis a fronte, 351
Vis a tergo, 351
Vision binocular, 598 ; relations of,

602 ; notions derived from, 604 ;

physical causes of, 562 ; sense of,

557
Visual angle, 569

;
perceptions, 602,

604
Vital capacity, 390
Vital phenomena of tissues, 196
Vitality, 7
Vitreous humour, 557
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Vocal cords, 639
Vogel, 456
Voice, intensity of, 641 ; meclianism

of, 639 ;
physiological characters of,

641 ;
pitch of, 642; production, 640

;

quality of, 644 ; range of, 642
Voit, 212, 271, 398, 416, 462
Volatile acids, 40
Volkmann, 100, 361
Volta, 705
Voltaic electricity, 705
Vomiting, 243
Von Grajfe. 537
Von Wittich, 543
Vowels, characters of, 644 ; optical re-

presentation of, 647 ;
pitch of. 645

Vulpian, 163, 516

"Wave, tracing of a wave in an elastic

tube, 338
Weber, 478
Wundt, 196, 335

Xanthine, 419, 420, 703

Yeast, 51
YeUow spot, 586
Young, Thomas, 86 ; theory of colour

perception, 594

Zoellner. 605
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ERRATA.

Page 6, line 9, for "or" read "nor."

for "animal" read "mineral."

for " is " read " are."

delete " a."

for " butter " read " sweat."

for " three " read " three fourths."

for "K" read "Na."

for " anelectrotonous " read " anelectrotonus."

for " left " read "right."

for "35 "read "7."

for " 100 " read " 50."

for " movement " read " mouvement."

for "Parke's" read "Parkes'."

for " adipocire " read " adipocere."

for " upward" read "downward."

for " downward " read " upward."

for " annelidae " read " annelida."

for " crustacese " read " Crustacea."

after " axis " insert " after refraction."

for " these " read " the."

after " point " insert " after refraction." See also p. 730.

for " opthalmometer " read " ophthalmometer."

642 and 643, vibrations given are double vibrations.

e 6, line 9,

9, 21,

12, 13,

18, 16,

26, 22,

84, 14,

85, 26,

166, 18,

312, 7,

324, 17,

324, 18,

341, 38,

408, 30,

416, 1*,

483, 2,

483, 4,

502, 12,

502, 29,

566, 11,

566, 12,

566, 13,

566, 35,
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"These songs are exceedingly bright, strong, and clever
; quite the best we have seen for long-

They are, in our judgment, far superior to those of Mr. Outram and Lord Neaves. ... An
admirable photograph, is prefixed to the volume."

—

Aberdeen Journal.
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Illustrations by J. B. (Mrs. Hugh Blackburn.) 4to, Price 3s.
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ated his Brighton hearers."
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Spectatoi
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